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FOREWORD

The Delta Levee System Integrity Program, like all components of the CALFED Bay-Delta
Program (Program), is being developed and evaluated at a programmatic level. The Program
is currently in what is referred to Phase II, in which the CALFED agencies developingas are
a Preferred Program Alternative that will be subject to a comprehensive programmatic
environmental review. This report describes both the long-term programmatic actions that
are assessed in the June 1999 Draft Programmatic EIS/EIR, as well as certain more specific
actions that may be carried out during implementation of the Program. The programmatic
actions in a long-term program of this scope necessarily are described generally and without
detailed site-specific information. More detailed information will be analyzed as the
Program is refined in its next phase.

Implementation of Phase III is expected to begin in 2000, after the Programmatic EIS/EIR
is finalized and adopted. Because of the size and complexity of the alternatives, the Program
likely will be implemented over a period of 20-30 years. Program actions will be refined as
implementation proceeds, initially focusing on the In’st 7 years (Stage 1). Subsequent site-
specific proposals that involve potentially significant environmental impacts will require
site-specific environmental review that tiers off the Programmatic EIS/EIR. Some actions,
such as levee rehabilitation, also will be subject to permit approval from regulatory
agencies.
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! EXECUTIVE SUMMARY
I            I

This Long-Term Levee Protection Plan outlines a long-term strategy to reduce the risk to
land use and associated economic activities, water supply, infrastructure, and ecosystem
from catastrophic breaching of Delta levees. To achieve this and other CALFED objectiv.es,
in addition to meeting CALFED solution principles, Delta levees generally must remain in
their current configuration.

The benefits of Delta levee include to Deltaimproved system greater protection
agricultural resources, municipalities, infrastructure, wildlife habitat, and water quality as
well as navigation and conveyance
benefits. The wide range of bene- ’
ficiaries of the Delta Levee System This document formulates an effective strategy to achieve the Levee
Integrity Program (Levee Program) System IntegriW Program objective and is indeed necessary to radii-

tare all CALFED objectives. The Long-Term Levee Protection Plan
include Delta local agencies; land- would be implemented over a 20- to 30-year pedod and cost approxi-
owners; farmers; boaters; wildlife; and mately $1.5 billion (1998 dollars).
operators of railroads, state highways,
utilities, and water distribution facili-
ties. Delta water users and exporters also benefit from increased protection to water quality.
Federal interests benefit from improvements to conveyance, navigation, commerce, and the
environment and from reduced flood damage.

Recognizing these potential benefits, state and local agencies formed a partnership to
reconstruct Delta levees. This effort has resulted in a steady improvement in the Delta levee
system. The success of the Delta in the 1997 and 1998 flood events illustrates the value of
approximately $100 million of improvements made with Senate Bill (SB) 34 funds and over
$10 million in emergency Public Law (PL) 84-99 work performed by the U.S. Army Corps
of Engineers (Corps). These funds, in addition to local funds, have resulted in over $160
million in improvements to Delta levees since the SB 34 program’s inception in 1988.

Over the past 10 years, staff from the California Department of Water Resources (DWR),
California Department of Fish and Game (DFG), and many local agencies have worked
together to successfully implement the existing levee program under SB 34 and Assembly
Bill (AB) 360. In addition to managing over $100 million in levee funds, SB 34 and AB 360
program staff have developed and implemented three supply depots in the Delta for quick
deployment of emergency materials, developed and began implementation of 32,000 lineal
feet of new wildlife habitat, advanced subsidence control including new levee designs and
monitoring techniques, coordinated beneficial reuse of dredged material projects, and
continued to advance solutions to the numerous complexities related to flood control and     ~) i:,:.

~ CdI2~ Long-Term Levee Protection Plan
BAY-D~TA

~ ~ ES-1 June 1999

C--020071
(3-020071



habitat creation in the Delta’s environmentally sensitive ecosystem. These efforts represent
a positive first step in meeting the long-term CALFED objectives.

However, much more remains to be done, including:

* Improving levees to a higher standard,

* Developing adequate and reliable funding,

¯ Addressing permit and economic issues to enable expanded dredging andbeneficial
reuse of dredged material,

¯ Further improving existing emergency response capabilities,

¯ Reducing conflicts between levee maintenance and terrestrial and aquatic habitat
resources on levees,

* Improving permit coordination,

¯ Incorporating subsidence control, and

¯ Continuing to quantify risks to levees and implementing appropriate risk manage-
ment strategies.

CALFED provides a unique opportunity for federal, state, and loca! agencies to jointly
address these needs. Existing Delta levee system problems and solution strategies proposed
by CALFED are outlined below.

Many Delta levees do not provide a level of flood protection commensurate with the high
value of beneficial uses they protect. As mandated by the California State Legislature and
adopted by CALFED, the physical characteristics of the Delta should be preserved
essentially in their present form. This is necessary to protect the beneficial uses of the Delta.
The key to preserving the Delta’s physical characteristics and to achieving CALFED’s
objectives is the levee system. Over the next 20-30 years, CALFED will invest billions of
dollars in the Delta. The levees must protect this investment.

The existing levee program was intended to improve Delta levees up to the California/
FederalEmergency Management Agency (FEMA) Hazard Mitigation Plan (HMP) standard.
As of January 1998, 36 of 62 (58%) Delta islands and h-acts were in compliance with the
HMP standard. This has resulted in a significant improvement in the ability to protect the
beneficial uses of the Delta. However, as CALFED invests in the Delta, more is at risk.
Therefore, CALFED has chosen to improve Delta levees to a higher level.

The CALFED Levee Program will institute a program that is cost-shared among the
beneficial users, to reconstruct Delta levees to the Corps’ PL 84-99 Delta Specific Standard.
This action will increase levee reliability and reduce emergency repair costs. In addition,
levee districts meeting this levee standard are eligible for federal emergency assistance
under PL 84-99.

The CALFED Levee Program also will continue the existing Special Flood Control Projects
effort to provide additional flood protection for key Delta levees that protect public benefits
of statewide significance.
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I Funding for levee work is insufficient, inconsistent, and often delayed. Under the existing
State levee programs, localagencies t-mance projects in anticipation of reimbursements. The
Delta Levees Maintenance Subventions Program (Subventions Program) annually

i distributes available state funds on an equal basis to all participants as approved by The
Reclamation Board. Each fiscal year, districts are notified of the available funding but
cannot be sure what their final reimbursement will be until all claims are received and
processed. The Delta Levees Special Project Program (Special Projects Program) receivesI applications and enters into agreements with participants to ftmd specific projects. Projects
eligible for funding must be in accordance with priorities approved by the California Water
Commission. Once projects are deemed eligible, agreements are executed and districts can

I receive payments as work progresses. The lack of adequate and consistent appropriations
in the Subventions and Special Project.s Programs poses a challenge for local agencies to
complete planned rehabilitation projects.

I Many districts have experienced difficulty in rebounding from the long-term financial debt
that was incurred while they waited for resolution of the 1980-1986 state and federal
disaster assistance claims. The more recent 1995, 1997, and 1998 floods also have strainedI local financial The overall financial health of these districts haveresources. significantly
affected their ability to maintain their levee systems and limited their ability to upgrade their
levees to a long-term levee standard. The Levee Program will secure federal cost sharing

I for Levee Program actions. The Corps’ "Sacramento-San Joaquin Delta Special Study"
could be used to establish a federal authority and subsequent federal funding. The Levee
Program will establish consistent adequate funding for the Subventions and Special Projects

I Programs that will enable districts to plan and finance their work with greater certainty of
reimbursement.

Dredging to increase channel capacity and to provide material for levee reconstruction,
habitat restoration and creation, and subsidence control has been curtailed due to
regulatory constraints, causing dredging equipment and trained manpower to leave the
Delta. Regulatory agencies limit dredging in the Delta due to water quality and endangered

i species concerns. The dredged material can be relocated to suitable habitat development
sites such as in-channel islands, waterside berms, or on-island areas, configured with
different topographic features, and planted with selected vegetation to produce and/or

i improve diverse habitat types. Because insufficient data are available to quantify impacts
and establish acceptable dredging criteria, the agencies regulate dredging activities more
conservatively. Lack of a General Order for Waste Discharge Requirements (WDRs)
complicates the permitting process.

I           CALFED will work with the Regional Water Quality Control Board (RWQCB) and the
Corps to develop a Regional Dredged Material Management Plan and General Order for

Existing emergency response capabilities need to be continuously refined and funding

i increased. The existing emergency response system has significantly improved over the past
several years. The State Office of Emergency Services (OES) continues to work with other
emergency response organizations, including DWR, local Delta agencies, counties, FEMA,
and the Corps to improve the emergency response system. However, the system is limitedi insufficient dedicated Delta funding. Command and control procedures also need to beby
continuously refined using adaptive management prir~ciples.

I CALFED plans to build on the existing emergency response system. CALFED’ s Emergency
Response Subteam determined that an effective Delta levee emergency response program
should be concentrated in seven areas:

I
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¯ Funding;

¯ Response by state and federal agencies;

¯ Availability of flood fight resources;

¯ Integrated response;

¯ Clarification of regulatory procedures;

¯ Clarification of program eligibility, inspection, documentation, auditing, and reim-
bursement procedures; and

¯ Dispute resolution.

Levee reconstruction and maintenance sometimes conflicts with management of
terrestrial and aquatic habitat resources on or around levees. In general, vegetation on
levees results in more difficult levee maintenance. Stakeholders have voiced concern that
activities to control levee and channel vegetation are often delayed because of potential
impacts on endangered species habitat. Because levee districts often keep vegetation offof
levee slopes to avoid the need to contend with endangered species requirements, potential
opportunities for quality habitat are lost. Better strategies are needed to allow quality habitat
to flourish on or around levees without hampering levee maintenance and construction.

CALFED will coordinate with state and local agencies to develop updated environmental
baseline values. When reconstructing levees, mitigation and enhancement o fexisting habitat
must be relocated outside the minimum section required for levee integrity (structural cross
section)when possible. CALFED will work to establish a conservation strategy that
encourages levee managers to allow critical habitat to grow on levees while giving
assurances that levee managers will be able to maintain their levees.

Obtaining permits for levee work can be difficult and time consuming, Historically,
obtaining permits for levee work has been difficult. In 1996, the Califomia Department of
Fish and Game (DFG) assumed a more active role in assisting levee districts with the
regulatory process. This participation is a significant improvement and should continue.
However, other regulatory agencies often lack sufficient resources to issue permits without
delays. In addition, disagreements often exist between regulatory agencies with overlapping
jurisdiction. A more efficient permit coordination process is needed.

To ensure successful implementation of all CALFED programs, a coordinated permit
will be established. The process will anticipate the numerous permit requirementsprocess

for actions approved as part of CALFED. Coordinated permitting will not relax permitting
requirements but will include information sharing among regulatory agencies to coordinate
the permitting process. The permit coordination process also would be designed to address
broad issues in order to improve the efficiency of such processes as general and regional
permits, mitigation banks, and habitat improvement areas.

Subsidence of portions of some Delta islands threatens levee integrity. Subsidence near
some levees in the Delta may adversely affect levee integrity. The Subsidence Subteam
considers that subsidence can be corrected and levee integrity assured. However, a grant
program is recommended to develop new methods that are more effective and less intrusive
to current land use.
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Seismic loading threatens Delta levees. Some CALFED stakeholders are concerned that
earthquakes may pose a catastrophic threat to Delta levees, that seismic forces could cause
multiple levee failures in a short time, and that such a catas~’ophe could overwhelm the
current emergency response system.

CALFED agrees that earthquakes pose a potential threat. In addition, Delta levees are at risk
from floods, seepage, subsidence, and other threats. To address this concern, CALFED has
begun a risk assessment to quantify these risks and develop a risk management strategy.

Over the past year, the Seismic Risk Assessment Subteam quantified the seismic risk to
Delta levees. The results indicate that "Significant seismic risk is present; however,
improved preparedness can reduce the potential damage." CALFED is continuing its risk
assessment of floods, seepage, subsidence, and other threats.

Several risk management options have been developed for inclusion in the CALFED
Preferred Program Alternative. The available risk management options include, but are not
limited to:

¯ Improving emergency response capabilities,

¯ Reducing the fragility of the levees,

¯ Improving through-Delta conveyance,

¯ Constructing an isolated facility,

¯ Developing storage south of the Delta,

¯ Releasing more water stored north of the Delta,

¯ Restoring tidal wetlands,

¯ Controlling and reversing island subsidence,

¯ Curtailing Delta diversions, and

¯ Continuing to monitor and analyze total risk.

The final Risk Management Plan may include a combination of these
options.
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GLOSSARY

The following terms are used in describing the Delta Levee System Integrity Program:

Action. A physical, operational, legal, or institutional change intended to maintain or
achieve a desirable condition (target) of the Delta levee system.

Boil. A seepage exit point on the landside of the levee that is characterized by the rapid
movement (boiling) of sand particles.

Channel islands. Small, unleveed land masses in Delta channels that typically provide
quality wildlife habitat. Some islands are remnants of original Delta marsh lands, and others
are the result of channel widening, levee construction, and dredged material disposal.

CMARP. Comprehensive Monitoring, Assessment, and Research Program.

Cnt-off wail. An impermeable barrier constructed through the levee to interrupt (cut o~’f)
seepage through the levee or foundation. A slurry cut-off wall is a combination of soil,
cement, and bentonite (a clay material) constructed inside a lxench down the center of the
levee. This trench must be sufficiently deep to cut offor reduce seepage through or under
the levee.

Delta. The Sacramento-San Joaquin Delta as described in the California Water Code
Section 12220.

Delta islands. Islands in the Sacramento-San Joaquin Delta protected by levees. The surface
of themajority of islands are below sea level and provide many benefits, including
agriculture, recreation, water quality, and habitat for fish and wildlife.

Drainage blanket. A layer of crushed or rounded gravel and coarse sand, usually
encapsulated in a geotextile filter fabric, that is placed on the slope and landside toe of a
levee to control seepage and piping. Drainage blankets usually are placed prior to the
addition of a stability berm.

Erosion. Loss of levee material due to the effects of channel flows, tidal action, boat wakes,
and wind-generated waves.

Ecosystem Restoration Program Plan. A comprehensive plan for restoration and
management of the Bay-Delta ecosystem, including upstream tributaries and watersheds.

Freeboard. The vertical distance between the levee crest and the design water surface
elevation.

~ydrostatic pressure. The pressure of water at a given depth resulting from the weight of
the water above it.

Implementation objective. A description of what the program will strive to maintain or
achieve for the Delta levee system that is not intended to change over the life of the
program.

~’~ Cl~’~ Long-Term Levee Protection Plan I~AY-D~TA June 1999~, nto~ x
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GLOSSARY (CONTINUED)

Levee crown. The highest, near-horizontal part oft.he levee between the water and landside
slopes. The levee crest.

Liquefaction. A condition in which saturated silty sands or sandy silts have no shear
strength. Liquefaction occurs often when loose soils are subjected to ground shaking during
an earthquake.

Local agency. Any city, county, local agency, or other political subdivision of the state that
is authorized to maintain levees.projector non-project

Non-project levee. A local flood control levee in the Delta that is not a project facility
under the State Water Resources Law of 1945, as shown on page 38 of DWR’s
"Sacramento-San Joaquin Delta Atlas," dated 1993. (See Figure 3.)

Oxidation. The conversion of organic matter (such as peat) by bacteria to carbon dioxide.
The conversion is directly related to aerobic soil bacteria.

Piping. Erosion of levee or foundation material at seepage exit points. The process carries
away levee material, resulting in shorter seepage paths and accelerated internal erosion of
the levee.

Primary zone. The Delta land and water area of primary state concern and statewide
significance that is situated within the boundaries of the Delta but not within the urban limit
line or sphere of influence line of any government’s general plan or currently existing
studies, as of January 1, 1992 (Delta Protection Act of 1992).

Project levee. A federal flood control levee, as shown on page 40 of DWR’s "Sacramento-
San Joaquin Delta Atlas," dated 1993, that is a project facility under the State Water
Resources Law of 1945--if not less than a majority of the acreage under the jurisdiction of
the local agency that maintains the levee is within the Primary zone of the Delta, as defined
in the Public Resources Code (and above). (See Figure 2.)

Seepage. The movement of water through a porous material in response to a hydraulic
gradient.

Seismicity. The frequency, intensity, and distribution of earthquake activity in an area.

Setback levee. A constructed embankment that is positioned some distance from the edge
of the river or channel to prevent flooding and is not in contact with the original levee.
Setback levees provide area for wildlife habitat to develop and for floodflow capacity.

Settlement. A downward movement of a surface as a result ofunderlyflng soil compression
or consolidation caused by an increased load or the loss of underlying soil (foundation)
support.

Slope protection. Various types of materials used to protect the levee surface and stream
bank adjacent to the levee from erosion.

Stability berm. Earth fill usually placed against the levee landside slopes to act as a
counterweight to prevent rotational slides.
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GLOSSARY (CONTINUED)

Structural section. The minimum levee cross section required for levee integrity.

Subsidence. A decrease in ground surface elevation. Subsidence in the Delta is the result
of a complex interaction of deep or large-scale processes and numerous shallow, near-
surface causes. Subsidence is discussed in terms of levee subsidence or settlement and
interior island subsidence.

Suisun Marsh islands. Islands in the Suisun Marsh protected by levees. The surface of the
majority of islands are below sea level and provide many benefits, including recreation uses
and habitat for fish and wildlife.

Target. A qualitative or quantitative statement of an implementation objective. Targets may
vary as new information becomes available and according to Delta conveyance alternatives.
Targets are to be set based on realistic expectations; must be balanced against other resource
needs; and must be reasonable, affordable, cost effective, and practicably achievable.

Toe ditch. The open trench along the landside toe of the levee typically used to collect
seepage water and distribute the water for agricultural purposes.

Toe drain. A trench along the landside toe of the levee designed to reduce saturation of the
levee, control seepage, and help prevent boils. A toe drain is constructed by placing crushed
rock in a trench at the landside toe of the levee. The rock is encapsulated in filter fabric that
prevents levee and foundation soils from migrating into the rock.

!
I
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LIST OF ACRONYMS

AB Assembly Bill

Bay San Francisco Bay
Base Levee Protection Delta Levee Base Level Protection
BMPs best management practices
Board State Reclamation Board

CALFED CALFED Bay-Delta Program
CMARP Comprehensive Monitoring, Assessment, and

Research Program
Corps U.S. Army Corps of Engineers
CVP Central Valley Project
CVPIA Central Valley Project Improvement Act
CVRWQCB Central Valley Regional Water Quality Control Board

Delta Sacramento-San Joaquin legal Delta
DFG California Department of Fish and Game
DWR California Department of Water Resources

EIS/EIR Environmental Impact Statement/
Environmental Impact Report

Emergency Management PlanDelta Levee Emergency Management and Response Plan
EOS earth observation system
EPA U.S. Environmental Protection Agency

FEMA Federal Emergency Management Act

GIS geographic information system
GPS global position system

I-IMP Hazard Mitigation Plan

LERRDs lands, easements, rights of way, relocations, and
disposal areas

Levee Program Delta Levee System Integrity Program
LIG Levee Implementation Group
LTMS Long-Term Management Strategy

MOU memorandum of understanding

OES Office of Emergency Services

PL Public Law

RWQCB Regional Water Quality Control Board

SEMS Standardized Emergency Management System
SB Senate Bill
Special Projects Special Delta Flood Protection Projects
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LIST OF ACRONYMS (CONTINUED)

SRCD Suisun Resource Conservation District
Subsidence Control Delta Levee Subsidence Control Plan
Subventions Program Delta Levee Maintenance Subventions Program
SWP State Water Project

WDRs Waste Discharge Requirements

ZOI zone of influence

~
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WHAT’S NEW IN TIlE LONG--TERM LEVEE

PROTECTION PLAN?

The Long-Term Levee Protection Plan continues to be improved in response to comments,
studies, and research. The plan is being developed with the same Objectives, Mission, and
Vision as originally established and presented in the March 1998 draft. However, much is
different in this draft. The report has been reorganized. Descriptions of the Levee System
Integrity Program (Levee Program) elements have been expanded. Discussions of
Ecosystem Restoration Program and Levee Program coordination, linkages with other
CALFED and implementation have been expanded. Sections have been added onprograms,
"Sea-Level Rise," "Permit Coordination," "Adaptive Management," "Monitoring and
Research," "Funding," and "Stakeholder/Science Review." CALFED has added the Suistm
Marsh levee system to the Levee Program as an optional strategy to achieve its objectives.
Efforts to clarify linkages of these actions to the objectives is ongoing. A section titled
"Suisun Marsh Levee System" has been added.

In addition, a detailed base level protection plan cost estimate has been prepared by
engineers who are knowledgeable of Delta conditions; a summary of the cost estimate is
included as an appendix. The Subsidence Control element has been revised to reflect an

whole island subsidence and subsidenceit affects levee Theemphasison as integrity.
Emergency Response Subteam has prepared a draft emergency response report that also is
included as an appendix. The Seismic Risk Assessment element has been revised to reflect
the recently completed report from the Seismic Subteam, titled "Seismic Vulnerability of
the Sacramento-San Joaquin Delta Levees."

A consolidated response to comments received during the public review of the Draft
Programmatic Environmental Impact Statement/Report is included.
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CONSOLIDATED RESPONSES TO COMMENTS ON THE

3/16/1998 DRAFT PROGRAMMATIC EIS/EIR

Public comment on the Draft Programmatic Environmental Impact Statement/
Environmental Impact Report (EIS/EIK) resulted in receiving approximately 110 comments
concerning the Levee System Integrity Program in 47 different comment letters. Draft
responses to all the comments have been prepared, and these individual comment responses
will be provided in a separate document. The most prevalent comments were sorted, and
consolidated responses are provided in the interim. The most comments, 35%, concerned
impacts on flood control and hydraulic mitigation. The top six topics, accounting for 80%
of the comments, include flood control, levee-ecosystem coordination, levee maintenance,
land use impacts, setback levees, and subsidence. The responses are presented below
roughly in order, based on topic frequency.

Impacts on Flood Control and Hydraulic Mitigation
I

CALFED is considering flood control issues in its decisions. Multiple flood control benefits
would be generated in the Delta from CALFED actions such as levee improvements, ¯
channel capacity improvements, and improved emergency response capability. ¯

One Levee Program goal is to rehabilitate all Delta levees to the U.S. Army Corps of ¯
Engineers’ (Corps’) Public Law (PL) 84-99 Delta Specific Standard. However, this could |
cause hydraulic impacts upstream and downstream of the Delta.

To address these hydraulic impacts, CALFED is coordinating with the Corps and the State 1
Reclamation Board (Board) in their efforts on the Sacramento-San Joaquin River Basins 1

Comprehensive Flood Control Study that is currently underway. The study area includes
major tributaries into the Delta. The CALFED Program and planning efforts will be 1
compatible with the comprehensive study.

In addition, to address other in-Delta flood control impacts due to Delta levee ¯
improvements, CALFED is proposing north and south Delta flood control improvements.

CALFED recognizes the importance of coordinating Ecosystem Restoration Program, Levee ¯
Program, and Storage and Conveyance actions to avoid unnecessary adverse impacts. The |respective program managers are coordinating their actions.

CALFED Program Coordination 1

The Base Level Protection element of the Levee Program specifies that all Delta levees will Ibe rehabilitated and maintained to at least the Corps’ PL 84-99 Delta Specific Standard. The
Levee Program assumes that the Delta must remain generally in its current configuration
ifCALFED is to achieve its objectives for water quality, water supply reliability, ecosystem ¯
restoration, and levee system integrity. This assumption is based on Califomia Water Code
§ 12981, which states that "... the physical characteristics of the Delta should be preserved
essentially in their present form...." 1

¯
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CALFED recognizes the importance of coordinating Ecosystem Restoration Program and
Levee Program actions to avoid unnecessary adverse impacts. The respective Program
Managers are coordinating their actions as needed. The results of this coordination will be
included in the Long-Term Levee Protection Plan, Ecosystem Restoration Program, and the
Conservation Strategy. Prospective designs for Ecosystem Restoration Program/Levee
Program coordination will be presented. Specific locations for their implementation will be
addressed in subsequent environmental documents for individual projects.

The Levee Program will balance the management of environmental usage with the
protection of area landowners. Levee and habitat integration concepts continually are being
reviewed and revised to develop designs that will permit the levee flood control system to
be operated and maintained without compromising levee integrity or harming the
environment.

The Long-Term Levee Protection Plan includes a section on Ecosystem Restoration
Program/Levee Program Coordination that explains the importance of Assembly Bill (A_B)
360 and other statutes in ensuring that levee maintenance and recons~cfion work do not

ecosystem goals. Levee Program also recognizes that an effectiveconflict The
emergency response capability is essential to any levee program.

Levee Standards and Maintenance

CALFED concurs that the rehabilitation of the Delta levee system must be an integral part
of the selected preferred alternative. A basic tenet is that the Delta should generally remain
in its current configuration ifCALFED is to achieve its objectives. Moreover, any attempt
to substantially change the current configuration would be viewed as non-implementable
and therefore would not meet CALFED’s solution principles. The Levee Program is one of
the six common programs that would be implemented regardless of the selected preferred
alternative.

Levee Program goals include obtaining sufficient reliable funding to rehabilitate and
maintain all levees to the Corps’ PL 84-99 Delta Specific Standard. The plan is to increase
protection for islands by raising and strengthening levees and controlling subsidence, while
shifting environmental enhancement responsibilities and coordination to the Ecosystem
Restoration Program.

The Levee Program includes a Base Level Protection Element and a Special Improvement
Projects Element. The Levee Program will build on existing levee programs identified in
the Califomia Water Code, such as the Delta Levee Subventions and Special Projects
Programs that were modified by AB 360. The Levee Program will be consistent with the
mandates of AB 360. Under the existing levee programs, local agencies priorifize Base
Level Protection projects based on their individual needs. The California Water Commission
approves Special Projects. CALFED plans to continue this successful approach, as will be
specified in the CALFED Implementation Strategy.

The Levee Program seeks a mechanism to provide ongoing and reliable funding.
Maintenance of the Delta levees benefits the general population of California, not only the
individuals who 1ire and work in the Delta. Accordingly, the Levee Program intends to
finance levee improvements by balancing local funds with state and federal funds. In those
areas covered by the Delta Levee Program, local agencies will continue to maintain their
levees at their cost up to a certain limit.

~
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Impacts on Land Use

History is the best evaluation of the sustainability of Delta levees. The current Delta Levee
Subventions Program has demonstrated the long-term sustainability of the Delta and that
the existing levee system can be stabilized and perform reasonably well. Over the past 10
years (1988-1998) the Delta has, with few exceptions, satisfactorily passed extremely high
flood flows coupled with very low barometric pressures and high winds. Compared to the
previous 10 years (1978-1988), where nearly two dozen levee breaks were observed, a trend
showing significant progress emerges. CALFED’s intention is to continuously improve on
this successful approach.

Land acquisition needed to improve levee integrity would be minimal. The small investment
in land would significantly increase the value of the land by increasing its level of flood
protection, thereby justifying the small increase in benefit assessment necessary to provide
operations and maintenance by the local agencies. CALFED intends to pursue easements,
not fee title, whenever possible. CALFED is exploring ways to allow landowners to use the
easements for access roads and equipment staging areas.

All levees that would be affected under the Base Level Protection Plan, which is the largest
element of the Levee Program, would be listed in the Long-Term Levee Protection Plan.
The actions of the Special Improvement Projects Program are subject to periodic analysis
for statewide need and therefore are difficult to predict. Actions include general levee
improvement, seismic retrofitting, and subsidence correction. The Levee Program currently
hasno plans to replace or move any levees.

In order to develop a comprehensive Bay-Delta solution that meets the six solution
principles, conversion of private land for ecosystem restoration must be based on willing
sellers and must be coordinated with the Delta Protection Commission. Because land for
ecosystem restoration would be acquired only from willing sellers, there is no "trade off"
between ecosystem restoration and levee maintenance. CALFED will determine what
property is available from willing sellers and make choices based on their respective
environmental values.

CALFED solutions should result in no significant redirected impacts. Seepage from newly
created wetlands would be controlled as needed to prevent negative impacts on adjacent
land use and adjacent islands. Land acquisition for Ecosystem Restoration could
significantly affect benefit assessments. If the number of taxable acres is reduced to a point
where operation of a reclamation district is no longer viable, this impact would be mitigated.

CALFED is pursuing opporttmities to convert whole islands or large parcels to high-quality
habitat. CALFED will first pursue converting public land and then acquiring private land
from willing sellers. CALFED is workSng with the Delta Protection Commission, Delta
landowners, and the Natural Heritage Institute to prepare a list of sites that include public
and private land. After a comprehensive list of available land has been prepared, a
cost/benefit analysis, as discussed in the Phase I Final Documentation Report, will be used
to identify the best sites.
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Setback Levees

CALFED does not propose the construction of setback levees as a means to improve levee
system integrity or reliability. However, levee centerline alignments may move slightly
landward to accommodate levee rehabilitation to the PL 84-99 Delta Specific Standard.
Setback levees may be pursued to achieve Ecosystem Restoration and Storage and
Conveyance benefits.

CALFED is concerned about the impacts associated with the development of setback levees.
The merits and liabilities of setting back levees will be closely scrutinized. Constructing and
maintaining on containing large amounts of peat cansetbacklevees Deltasoils bedifficult
and very costly. Therefore, use of setback levees may not be feasible in many cases.

The Levee Program objective is to reduce the risk to land use and associated economic
activities, water supply, infrastructure, and the ecosystem from catastrophic breaching of
Delta levees. Improvements to levees outside the legal Delta are beyond the scope of this
objective. However, the Levee Program is coordinating with the Corps and the Board.in
their efforts on the Sacramento-San Joaquin River Basins Comprehensive Flood Control
Study that currently is under way. The comprehensive study may be a more appropriate
venue to address improvements to levees outside the legal Delta.

Funding

The Levee Program goals include obtaining sufficient reliable funding to maintain and
rehabilitate all levees to the Corps PL 84-99 Delta Specific Standard. Local agencies will
continue to maintain levees at their costs (up to $1,000 per levee mile). CALFED is
proposing to increase annual funding.

The varied and diverse benefits of the Levee Program are difficult to put a price on.
However, CALFED has determined that the work is a necessary step in the implementation
of any Delta solution.

CALFED concurs that an "ability to pay" assessment is needed, similar to DWR’s existing
Special Projects Program.

Subsidence

The Delta must stay basically in its current configuration if CALFED is to achieve its
objectives for water quality, ecosystem restoration, and levee integrity. The benefits of
maintaining Delta levees are far greater than the value of the privately owned land they
protect. Moreover, any attempt to substantially change the levee system would be viewed
as non-implementable and therefore would not meet CALFED’s solution principles. Over
the past 25 years, the existing levee program has demonstrated that levees in the Delta can
be stabilized.

CALFED agrees that restoring elevations of subsided Delta islands would reduce the long-
term vulnerability of the Delta system. In most cases, however, subsidence reversal is not
implementable~due to excessive costs, right-of-way acquisition, land use conversion, and
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!
political concerns. CALFED’s currently planned Levee Program implementation actions                       ¯
will address subsidence to improve levee integrity.

Subsidence poses a threat to only a portion of the Delta levee system. The Levee Program
is addressing subsidence within the levee integrity zone of influence. The Long-Term Levee ¯
Protection Plan will identify those areas at risk and will address subsidence as it affects
levee stability. Existing geotechnical engineering practices can be applied to safely and
economically rehabilitate and maintain existing levees.

1
Ecosystem Restoration Program actions would prevent or minimize subsidence at some
interior island locations. The Water Quality Program is addressing subsidence control as it ¯
affects water quality. Efforts to control subsidence would be fully coordinated, and progress |
in subsidence control and management would be monitored through CALFED’s
comprehensive monitoring, assessment, and research program (CMARP).

¯
CALFED is very interested in developing subsidence control measures (such as no-till
farming) that minimize impacts on the current land use. The Subsidence Control Element
of the Levee Program is proposing to establish a grant program to encourage the
development of best management practices for controlling subsidence.

Controlling subsidence in the peat zones of the Delta by creating and flooding 20-acre ¯
habitat stewardships could be effective on some public lands but is considered impractical
for private land. Permanently flooding lands nearly stops subsidence; however, in rnost
cases, radically changes the land use.

Seismic Risk

The Levee Program convened an expert seismic/geotechnical engineering team to
investigate the seismic risk to Delta levees. The preliminary results indicate that "significant ¯
seismic risk is present; however, improved preparedness can reduce the potential damage." 1
The team’s report is included in Appendix G and quantifies estimates of levee vulnerability.
A seismic risk management strategy will be developed to address levee failures from
seismic loading. I

Dredging

CALFED acknowledges that the Levee Program and Ecosystem Restoration Program could
benefit from clean dredged material, and that the Storage and Conveyance Program could 1
benefit from dredging Delta channels to increase flow capacity. However, over the past
decade it has become increasingly difficult to dredge in the Delta because of work windows
to satisfy endangered species requirements and Central Valley Regional Water Quality l
Control Board (CVRWQCB) waste discharge concerns. CALFED is working with the
CVRWQCB to establish waste discharge requirements and obtain general order permits that
would allow dredging and reuse of non-saline dredged material. Presently, the use of saline ¯
dredged material in the Delta seems a remote possibility.

CALFED’s need to dredge and reuse the material is clear. CALFED further agrees that ¯
potential partnership opportunities exist with bay dredgers. The Levee Program has been |communicating with the Long-Term Management Strategy (LTMS) Program to identify

~ ~
Long-Term Levee Protection Plan

!~l..~l~Th June 1999

C--020095
(3-020096



areas where coordination between the programs would be beneficial. Linkages between the
Levee Program and the LTMS Program will be discussed in the revised Draft Programmatic
EIS/EIR. The availability of needed borrow or dredged material is being investigated on a
programmatic level. Implementation will be analyzed on a project-specific level.

Emergency Response

The Delta Emergency Management Plan is a component of the Long-Term Levee Protection
Plan. The plan builds on existing emergency management systems, identifies pre-emergency
measures and post-disaster recovery measures, and enhances integration ofandlocal
regional emergency management agency actions to protect Delta resources in the event of
a disaster. Local agencies are acknowledged as first in line to address disaster events. The
plan focuses on local agency preparation, coordination, and responsibility to provide
enhanced initial response efforts to prevent damages and to provide recovery measures.
Emergency response measures will be increased as a part of an overall Risk Management
Strategy.

Permit Coordination

CALFED agrees that the existing multi-layered regulatory process must be simplified and
coordinated. Toward this end, CALFED is developing a Permit Coordination Program. This
program will stress information sharing among permitting agencies to create a more
efficient process. The program also will address broad issues to improve the efficiency of
permitting, such as general and regional permits and mitigation banks. Regular meetings of
senior-level staff from all regulatory agencies is an integral component of the program to
coordinate permits. Levee Program permit coordination issues will be addressed under the
umbrella of the CALFED Permit Coordination Program.

Total Risk Assessment

There is a need to determine the total risk to Delta levees. An evaluation of seismic
vulnerability has been completed, and steps are being taken to evaluate the aggregate risk,
of which the seismic vulnerability is a contributor. Until the risk is quantified, itaggregate
is difficult to compare the existing risks to the alternatives. Nonetheless, CALFED proposes
to deal with the risk through a Risk Management Strategy that is not limited to Levee
Program actions. CALFED will quantify the risk to system integrity and outline a risk
management strategy. The goal of the strategy is not necessarily to guarantee system
integrity but to provide the capability to quickly recover.

Boat Wakes

The Levee Program recognizes the contribution of boating wakes to erosion of levees. The
relative impact depends on the size or energy of the wake, the levee’s level of erosion
protection, and the levee’s exposure to wind-driven wave attack. Rehabilitation of levees
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!
to the PL 84-99 Delta Specific Standard should provide increased protection against the ¯
effects of boating wakes on levees. In addition, efforts to coordinate levee improvements |with habitat improvements may provide improved levee integrity.

!
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!    1. Introduction

The Sacramento-San Joaquin Delta (Delta) is an area of regional and national importance,
t.evees are c~c~l toDelta levees are the most visible constructed features of the system. The levees are anpreserving andintegral part of the Delta landscape and are critical to preserving and improving the Delta’simproving the Delta’s

physical characteristics and processes, including definition of the Delta waterways andphysical character-
islands. To achieve objectives of the Delta Levee System Integrity Program (Leveeistics and processes,
Program) and other CALFED Bay-Delta Program (CALFED) objectives, in addition toincluding definition of

I CALFED’S Solution the Delta levee must remain in the Delta waterwaysmeeting Principles, system generally
its current configuration, and islands. Many

levees do not provide
a level of flood pro-I Although the Delta levee system provides a broad array of benefits, many Delta levees dotection commen-

not provide a level of flood protection commensurate with the high value of beneficial usessurate with the high
they protect. The benefits of an improved Delta levee system include greater protection tovalue of beneficial

I Delta agricultural resources, municipalities, infrastructure, wildlife habitat, and wateruses they protect.

quality as well as navigation and conveyance benefits. The wide range of Levee Program
beneficiaries include Delta local agencies; landowners; farmers; boaters; wildlife; and

i operators of railroads, state highways, utilities, and water distribution facilities. Delta water
users and exporters also benefit from increased protection to water quality. The federal
government benefits from improvements to navigation, commerce, conveyance, and the
environment and from reduced flood damage.

i
The vulnerability of the Delta levee system to failure, especially during earthquakes or
periods of high runoff, is a common concern. A levee failure in the central or western Delta

I would not only flood farmland and habitat but also could disrupt or interrupt water supply
deliveries to urban and agricultural users, transportation, and the regional flow of goods and
services. Even if the infra-structure and facilities survived the initial effects of inundation,

I long-term or permanent inundation would result in maintenance and repair being difficult,
if not impossible. Ira flooded island is not repaired and pumped out, the resulting body of
open water may expose adjacent islands to increased wave action and additional subsurface

i seepage.

Of particular concern is the situation in which a levee fails in a dry or critically dry water
year and one or more key western or central Delta island floods. Under these circumstances,

I inundation would allow salinity to intrude further upstream into the Delta. In-Delta and
export water quality, along with the delicate balance of the brackish water habitat, would o
be negatively affected. The salinity intrusion could result in water supply interruption for

I in-Delta and export use by both urban and agricultural users, until the saltwater could be
flushed from the Delta. In order to lower salinity in the Delta to acceptable levels and
restore ecological balance, flushing flows would need to be released from upstream

~ ~
Long-Term Levee Protection Plan

~, mo~u 1-1 ¢~e 1999

!
C--020098

C-020099



reservoirs. As a result, water supplies in these reservoirs could be seriously depleted, and
the ability to respond to other demands would be diminished.

The above hypothetical situation has a historical counterpart. In the early morning hours of
a summer day in 1972, the southern levee protecting Andrus Island gave way. Rushing
water poured through the initial break, quickly widened the opening to 300 feet, and
eventually to 500 feet. Within 2 hours, Highway 12 was flooded and water began spilling
over into the adjacent Brannan Island. During the next 2 days, Andrus and Brannan Islands
were flooded with 164,000 acre-feet of water. Federal, state, and local emergency efforts
failed to protect the town of Isleton. The water that flooded these islands was not winter
floodwater from the major rivers that drain the watershed tributary to the Delta. Tributary
inflow to the Delta at that time was mostly storage releases from federal and state reservoirs
to supplement low summer unregulated flow. This controlled inflow was not sufficient to
supply the sudden draft placed on the Delta’ s water supply by the levee break. Saline waters
rushed in from Suisun Bay to meet the remaining draft, temporarily interrupting the
controlled outflow that had been forming a hydraulic barrier to protect the Delta against
salinity intrusion. Both the State Water Project (SWP) and federal Central Valley Project
(CVP) immediately reduced exports and increased storage releases to restore the hydraulic
barrier. In the western Delta, salinity began an immediate downward trend. But in the
central and southern Delta, the flushing effect was less effective, and the saltwater needed
to be removed by local and export pumping, causing adverse effects on agricultural and
domestic water supplies. (California Department of Water Resources 1982, Bulle-
tin 192-82.)

Local reclamation districts are concerned with the cost of maintaining and improving the~lR~ulatory measureslevee and channel system. A complex array of agencies with planning, regulatory, andthat protect endan-
permitting authorities over levees makes rehabilitation and maintenance efforts difficult,gered species or criti-
Regulatory measures that protect endangered species or critical habitat sometimes conflictcal habitat som~mes
with and prolong levee rehabilitation and maintenance work, which can further increase theconflict with and pro-
vulnerability of the system. CALFED’s role is to reduce the existing conflicts between locallong levee rehabilita-
agencies responsible for maintenance and regulatory agencies, tion and maintenance

work, which can
further increase the
vulnerability of the

1.1 DELTA AND LEVEE BACKGROUND system.

INFORMATION

Prior to human intervention, the Delta consisted of low-lying vegetated wetlands separated
by a complex of rivers, channels, and sloughs. Along the waterways were slightly higher
over-bank deposits of coarser sediments, commonly referred to as "natural levees."

The Delta was reclaimed in two phases. During the first phase (1850-1880), reclamationCurrently, the Deltaprojects were small-scale efforts using manpower and horsepower to build levees on top ofincludes over 700,000
existing natural levees. In the second phase (from 1880 to the early 1900s), levee buildingacres, with 700 miles
was more aggressive and was accomplished with powerful mechanical equipment,of meandering water-
Currently, the Delta includes over 700,000 acres, with 700 miles of meandering waterwaysways and approxi-
and approximately 1,100 miles of levees, mately 1,100 miles of

levees.

In the early 1900s, the Reclamation Board was created and Congress authorized the CVP.
The State Water Resources Development Bond Act was approved in 1960, launching the
SWP. SWP facilities include levees, control structures, channel improvements, and
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appurtenant facilities in the Delta that are used for water conservation, water supply, cross-
Delta water transfers, and flood and salinity controls. Also in 1960, the Sacramento River
Flood Control Project was completed by the U.S. Army Corps of Engineers (Corps). This
project incorporated and improved flood control for a portion of the Delta. In the 1970s, the
California Legislature recognized that the Delta levee system benefits many segments and
interests of the public and approved a plan to preserve the Delta levee system. In 1986, the
CVP-SWP Coordinated Operation Agreement was initiated and the California Supreme
Court confirmed the State Water Resources Control Board’s authority and discretion over
water rights and water quality issues in the Bay-Delta system, including jurisdiction over
the federal CVP.

Since the late 1980s, a flurry of activity has shaped the future of the Delta. The Delta Flood
Protection Act of 1988; Environmental Mitigation and Protection Requirements; the Delta
Protection Act of 1992; the Central Valley Project Improvement Act (CVPIA); and the Safe,
Clean, Reliable Water Supply Act were enacted. In 1994-1995, state and federal agencies
entered into the historic Bay-Delta Accord, and the CALFED Bay-Delta Program "to fix the
Delta" was initiated.

Table 1 (at the end of the report) provides a chronological summary of events important to
the Delta.

CUNNENT DEFICIENCIES - PROBLEM
STATEMENTS

The State Reclamation Board and local have been in(Board) agencies partnershipto
reconstruct Delta levees for over 25 years. Although significant progress has been made inAlthough significant

progress has been
improving Delta levee integrity, several problems remain. If CALFED is to achieve itsmade in improving
objectives, these problems must be addressed. This Long-Term Levee Protection PlanDelta levee integrity,
develops strategies to address the following problems: several problems

remain. If CAU:FD is
Many Delta levees do not provide a level of flood protection commensurate with the    to achieve ~ objec-

tives, these problemshigh value of beneficial uses they protect. The existing levee program was intended tomust be addressed.
improve Delta levees up to the California!Federal Emergency Management Agency
(FEMA) Hazard Mitigation Plan (HMP) standard. As of January 1998, 36 of 62 (58%) Delta
islands and tracts were in compliance with the HMP standard. Because the I-IMP standard
will not assure success of CALFED objectives, a higher standard is needed.

Funding for levee work is insufficient, inconsistent, and often delayed. Under existing
programs, local agencies must finance projects up-front and submit claims for
reimbursement. Processing time for claims varies greatly as do reimbursement rates.
Because funding is inconsistent, project planning by local agencies is difficult. The time lag
from work completion to reimbursement poses financial difficulties for local agencies
without the financial resources to provide up-front funds for an extended period. Even with
reimbursements, many local districts cannot afford their share of costs under the current
cost-sharing arrangements for levee work, without the additional financial burden of
proposed levee upgrades.

Dredging to increase channel capacity to provideand materialfor leveereconstruction
and subsidence control has been curtailed due to regulatory constraints, causing
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!
dredging equipment and trained manpower to leave the Delta. Regulatory agencies limit ¯
dredging in the Delta due to water quality and endangered species concerns. Because
insufficient data are available to quantify impacts and establish acceptable dredging criteria,
agencies regulate dredging activities more conservatively.

Existing emergency response capabilities need to be continuously refmed and funding ¯
needs to be increased. The existing emergency response system has significantly improved
over the past several years; however, the system is limited by insufficient dedicated Delta 1
funding. In addition, improvements in command and control need to be continuously
refined.

Levee reconstruction and maintenance sometimes conflicts with management of
terrestrial and aquatic habitat resources on or around levees. In general, vegetation on
levees results in levee maintenance being more difficult. Stakeholders have voiced concern
that activities to control levee and channel vegetation sometimes are delayed because of |potential impacts on endangered species habitat. Because local agencies often keep
vegetation off of levee slopes to avoid the need to contend with endangered species
requirements, potential opportunities for quality habitat are lost. Better strategies are needed
to allow quality habitat to flourish on or around levees without hampering levee
maintenance and construction.

1

Obtaining permits for levee work can be difficult and time consuming. Historically, 1
obtaining permits for levee work has been difficult. In 1996, the California Department of
Fish and Game (DFG) assumed a more active role in assisting local agencies with the ¯
regulatory process. This participation is a significant improvement and should continue. 1
However, other regulatory agencies often lack sufficient resources to issue permits without
delays. In addition, disagreements exist between regulatory agencies with overlapping 1
jurisdiction.A more efficient permit coordination process is needed.

Subsidence of portions of some Delta islands threatens levee integrity. Subsidence near
some levees ha the Delta may adversely affect levee integrity.

I
Seismic loading threatens Delta levees. Earthquakes pose a catastrophic threat to Delta
levees. Seismic forces can cause multiple levee failures in a short period. Such a catastrophe ¯
could overwhelm the current emergency response system. ¯

1.3    VISION 1

The following is a vision of the future that represents successful implementation of the
Levee Program along with other CALFED programs. A reliable and steady

stream of funding
System-wide levee stability is improved because all levees meet or exceed the Corps’ Publicallows for consistent
Law (PL) 84-99 Delta Specific Standard. The risk of catastrophic failure is significantlyconstruction and
lower. The levees are well maintained and regularly inspected. A reliable and steady streammaintenance of Delta
of funding allows for consistent construction and maintenance of Delta levees, creating anlevees, creating an

industry in the Delta.industry ha the Delta. The increased availability of materials and equipment also aidsThe increased availa-
emergency response capabilities, bility of materials and

equipment also aids
There is little or no conflict with the ecosystem rehabilitation efforts, and for years there hasemergency response
been a net gain in critical habitat. Once threatened species now thrive, partially in responsecapabilities.
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I
I to levee-associated habitat improvements. Permitting new projects is obtained in weeks

because of agency coordination and the availability of a Delta-wide comprehensive
geographic information system (GIS) inventory, which facilitates evaluation of projeet-

i related impacts. Even with the addition of waterside habitats, the flood-carrying capacity
of the system is better and hydraulic impacts upstream and downstream of the Delta have
been beneficial.

I Islands of particular state or national importance have been provided with increased flood
protection and improvements to their seismic survivability resistance. The ongoing seismic
and subsidence risk evaluations and monitoring continually provide feedback that improves
levee design and reduces system vulnerability. Emergency response capabilities were
improved early in the implementation phase and have proven their worth. The now rare
isolated levee breach is closed in weeks, and the risk to water supply and water quality from

i multiple earthquake-induced failures has been reduced significantly as a result of seismic
upgrades and improvements to emergency response capabilities.

l 1.4 MISSION

I The CALFED mission is to develop a long-term comprehensive plan that will restore
CALFED fundamen-ecosystem health and improve water management for beneficial uses of the Bay-Deltatally differs from pre-

system. CALFED fundamentally differs from previous efforts because the program seeksvious efforts because
to concurrently address ecosystem restoration, water quality, water supply reliability, andthe program seeks to
levee and channel integrity. The geographic scope of the CALFED problem area consistsconcurrently address
of the legal Delta, Suisun Bay (extending to the Carquinez Strait), and the Suisun Marsh.ecos~em restora-
The geographic scope of the CALFED solution area includes a much broader area thattion, water quality,

water supplyextends upstream and downstream of the Bay-Delta. The foundation of every CALFEDreliability, and levee
alternative includes six common programs: Ecosystem Restoration, Water Use Efficiency,and channel integrity.
Water Quality, Water Transfers, Watershed Management, and Levee System Integrity.
CALFED also includes two variable programs, Storage and Conveyance. Each of the
individual common program elements is a major program on its own, and each element
represents a significant investment in and improvement to the Bay-Delta system.

The overall Levee Proglmn objective is to reduce the risk to land use and associated
economic activities, water supply, infrastructure, and ecosystem from catastrophicl-he goal is to provide

long-term protection
breaching of Delta levees. Levee Program actions focus primarily on the legal Delta asfor multiple Delta
defined in the Water Code and illustrated in Figure 1. The goal is to provide long-termresources by main-
protection for multiple Delta resources by maintaining and improving the integrity of thetaining and improving
Delta levee system. In addition, the Levee Program aims to integrate ecosystem restorationthe integrity of the
and Delta conveyance actions with levee improvement activities. Improvements in theDelta levee system.

The Levee Programreliability of water quality will be a natural by-product of the program. Levee Program goalsaims to int~rate eco-
will be achieved through implementation of this Long-Term Levee Protection Plan.system restoration

and Delta conveyance
The specific elements of the Levee Program include the: actions with levee

improvement activ-

I ¯ Delta Levee Base Level Protection Plan, ities.
¯ Delta Levee Special Improvement Projects,
¯ Delta Levee Subsidence Control Plan,

¯ ¯ * Delta Levee Emergency Management and Response Plan, and
¯ Delta Levee Risk Assessment and Risk Management Strategy.
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!
,. ! 2. Program Elements

2.1    DELTA LEVEE BASE LEVEL
PROTECTION PLAN

The goal of the Delta Levee Base Level Protection Plan (Base Level Protection) element is
The goal of the Deltato improve all Delta levees to a uniform base level standard. This element is beingLevee Base Level Pro-

developed and evaluated at a programmatic level. More focused analysis and documentationtection Plan element
of specific targets and actions will occur in subsequent efforts, is to improve all Delta

levees to a uniform
base level standard.

2.1.1 INTRODUCTION

The Delta Levee Maintenance Subventions Program was established in 1973 and amended
by the Delta Flood Protection Act of 1988. The Delta Flood Protection Fund was created to
provide for local assistance under the Delta Levee Maintenance Subventions Program
(Subventions Program), and for Special Delta Flood Protection Projects (Special Projects).
Currently, the Subventions Program and Special Projects are being carried forward under
funding provided by the Safe, Clean, Reliable Water Supply Act, Division 24 of the
California Water Code. Delta levee maintenance is described in the California Water Code,
Division 6, Part 9 - Delta Levee Maintenance (commencing with Section 12980). (Refer to
Appendix C for pertinent excerpts from the California Water Code.) It is the intent of the
California Legislature that, to the extent allowed by existing requirements, levee
rehabilitation will be consistent with CALFED’s Delta ecosystem restoration strategy.
(Refer to subsequent discussion of "Funding.")

Table 2 lists implementation objectives, targets, and actions associated with the Base Level
Protection element.

2.1.2 ScoPE

Approximately 385 miles of project levees and 715 miles of non-project levees are located
in the legal Delta (Figures 2 and 3). "Project levees" are levees that were improved or
adopted as part of federal flood control projects. Most oft he project levees are along the
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Table 2. Implementation Objectives, Targets, and Actions
Associated with the Delta Levee Base Level Protection Plan                                 1

Implementation Objective Target Action
Uniformly improve Delta Improve Delta levee system Modify levee cross sections by raising levee

llevees stability to meet PL 84-99 criteriaheight, widening levee crown, flattening
levee slopes, or constructing stability berms

Maintain Delta levees to the Develop a long-term maintenance plan 1
PL 84-99 standard

Establish a stable funding Provide necessary funding to Prepare cost estimates 1
source improve and then maintain Delta

levees to the PL 84-99 standard Identify beneficiaries to provide equitable
for the CALFED planning distribution of costs 1
horizon |Develop funding sources

Coordinate the permitting Reduce the time required to Develop a uniform process to coordinate and ¯
process acquire all necessary permits approve all permits |

Provide regional mitigation banking

Coordinate with the Ecosystem Restoration 1
Program to provide an environmental
enhancement component

I

Sacramento and San Joaquin Rivers in the upper reaches of the Delta. (The California Water 1
Code definition of"Project Levees" is provided in the glossary.) "Non-project levees" are                       ¯
all levees that are not project levees.

It is assumed that most of the project levees meet or exceed the PL 84-99 standard. The
current (1998) cost estimate indicates that approximately 520 miles of levee will need to be
rehabilitated and brought up to PL 84-99 standards. All 1,100 miles of levees should be
routinely inspected and maintained. Table 3 (at the end of this report) includes an inventory ¯
of Delta levees that identifies project and non-project levees, responsible reclamation
districts, and the existing levees considered up to the PL 84-99 standard.

Base level protection will be achieved through an extension of the existing Subventions I
Program defined in the California Water Code, commencing with Section 12980 (refer to
Appendix C), except that CALFED recommends selection of the Corps’ PL 84-99 Delta
Specific Standard as the minimum base level standard. The Delta-specific criteria are ¯
contained in the Corps’ document titled, "Guidelines For Rehabilitation of Non-FederaI
Levees in the Sacramento-San Joaquin Legal Delta" (1988). Constructing levees to the
PL 84-99 criteria is a prerequisite for, but not a guarantee of, posfflood disaster assistance. ¯
(Appendix A contains information on the PL 84-99 Delta Specific Standard.)

Figure 4 compares the PL 84-99 Delta Specific Standard to other levee standards. ¯
1
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Figure 3
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Figure 4
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2.1.3 CRITERIA AND PROJECT APPROVAL

The State Reclamation Board has jurisdiction over all levee rehabilitation and maintenance
and will be the local sponsor as required. The Board is authorized to make such rules and 1
regulations that are necessary to carry out its responsibilities, consistent with the California
Water Code.

The State will approve plans and inspect work to ensure that levees are effectively 1
rehabilitated and maintained. Under the current code, the California Department of Water
Resources (DWR) is responsible for developing the maintenance and rehabilitation criteria ¯
for non-project levees. The criteria will vary as required to meet specific conditions, and
will embody and implement the "Flood Hazard Mitigation Plan for the Sacramento-San
Joaquin Delta" (most current version) and the "Vegetation Management Guidelines for ¯
Local Non-Project Delta Levees" (most current version). In addition, DW-R’s Bulletin 192,
dated May 1975 and updated in 1982, will be used as the conceptual plan guiding the
formulation of projects to preserve the integrity of the Delta levee system. The criteria
developed by DWR will be submitted to the Board for approval. Prior to adoption of any 1
criteria, the Board will hold public hearings and may revise the criteria as it determines 1

necessary.
1

The current California Water Code does not address project levee design and maintenance 1
criteria. It is anticipated that the Corps will continue to be responsible for the design of
project levees. The State and local agencies will be responsible for maintaining the levees ¯
in accordance with the PL 84-99 standard and with guidelines provided in the Corps’
"Standard Operation and Maintenance Manual" (most current version) and in each
applicable supplement for individual project units.

¯
DFG will make a written determination as part of its review and approval of a plan or
project whether the proposed work is consistent with a net long-term habitat improvement
program and whether the project would result in a net benefit for aquatic species in the 1
Delta.

1
2.1.4 AGREEMENTS ¯

Before any plan is approved, agreement entered into, or state and federal fimds expended, Ithe local agency will enter into an agreement with the Board. This agreement will indemnify
and hold and save the State, the Board, DWR, and any other agency or department of the
State and Federal Governments and their employees free from any and all liability for 1
damages, except that caused by gross negligence, that may arise out of the approvals, ¯
agreements, inspections, or work performed. Upon approval of project plans by the Board,
the local agencies will enter into an agreement with the Board to perform the maintenance 1
and improvement work, including the annual maintenance work, specified in the plan. Also, ¯
the Board will act as the local sponsor to the Corps and give the Corps the same assurances.

I
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I 2.1.5 PROJECT PRIORITY

Local agencies will prioritize projects based on their individual needs. If applications for
Local agencies willfunding in any year exceed the funds available, the Board will apportion the funds amongpdoredze projects

those levees or levee segments that are identified by DWR as most critical and beneficial,based on their individ-
considering the needs of flood control, water quality, recreation, navigation, habitatual needs.
improvement, and fish and wildIife. ¯

I 2.1.6 MAINTENANCE

i There is a difference between the maintenance standard as defined by the California Water
Code and the PL 84-99 maintenance standard. This difference in maintenance standards mayThe PL 8+99 main-

tenance standards
result in greater habitat mitigation and enhancement requirements, may result in greater

habitat mitigation and
Local agencies will be responsible for maintaining project and non-project levees. Localenhancement require-
agencies will be eligible for reimbursement upon submission to and approval by the Boardmerits.
of plans for the maintenance and improvement of the project and non-project levees,

I including plans for the annual maintenance of the levees in accordance with the criteria
adopted by the Board. The plans will (1) include provisions to acquire easements along
levees that allow for the control and reversal of subsidence in areas where DWR determines

I that such an easement is desirable to maintain structural stability of the levee, (2) include
provisions for protection of the fish and wildlife habitat determined necessary by DFG and
that will not reduce the integrity of the levee, and (3) take into account the most recently

i updated Delta Master Recreation Plan prepared by the Resources Agency.

i 2.1.7 OVERSIGHT AND INSPECTIONS

DWR will conduct at least one annual inspection of every levee for which maintenance or
DWR will conduct atimprovement costs have been paid to the local agencies. In addition, DWR will inspect non-least one annual

project levees of local agencies to monitor and ascertain the degree of compliance with, orinspection of eve~
progress toward meeting, the approved and agreed on criteria and standard. Whenever anlevee for which main-

i inspection reveals that the specified and agreed upon maintenance is not being performed,tenance or improve-
DWR may establish a maintenance area and thereafter armually maintain the non-projectment costs have been
levee in accordance with the Board-approved plan. I:~id to the Ioc21

agendes.

I The Corps may inspect project levees. For non-project levees to become eligible for federal
assistance under PL 84-99, a local agency must request and pass an Initial Eligibility
Inspection by the Corps. The Corps will inspect the levee to assess the integrity and

I reliability of the levee. The inspection by the Corps consists of a structural and geotechnical
analysis, a hydrologic and hydraulic evaluation, and an operation and maintenance
determination.
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2.1.8 EMERGENCY RESPONSE
I

Even with rehabilitation and active levee maintenance, the threat of levee failure will
continue to exist. Emergency Management and Response, a critical element of the Long- l
Term Levee Protection Plan, is discussed in a later section of this plan.

2.2 DELTA LEVEE SPECIAL                                                             I
IMPROVEMENT PROJECTS

The goal of the Delta Levee Special Improvement Projects (Special Improvement Projects)The goal of the Delta1element is to provide additional flood protection separate from the Base Level ProtectionLevee Special
element for Delta islands that protects such public benefits as water quality, the ecosystem,Improvement Projects
life and personal property, agricultural production, cultural resources, recreation, and localelement is to provide
and statewide infrastructure. This element is being developed and evaluated at aadditional flood pro- 1
programmatic level. More focused analysis and documentation of specific targets andtection separate from
actions will occur in subsequent efforts, the Base Level Protec-

15on element for Delta
islands that protects̄
such public benefC~s

2.2.1 INTRODUCTION as water qual~, the
ecosystem, life and
personal properb/,

The Special Improvement Projects element of the Long-Term Levee Protection Plan willagricultural produc-
be carried out through an extension of the existing Special Projects Program as defined intion, cultural

resources, recreation,
I

the California Water Code. and local and state-
wide infrastructure.

The Delta Flood Protection Act of 1988 created the Special Flood Control Project Program.
The Delta Flood Protection Fund was created to provide for local assistance under the Delta 1
Levee Maintenance Subventions Program (Subventions Program), and for Special Delta
Flood Protection Projects (Special Projects). Currently, the Subventions Program and
Special Projects are being carried forward under funding provided by the Safe, Clean, ¯
Reliable Water Supply Act, Division 24f the California Water Code. Special Projects are
described in the California Water Code, Division 6, Part 4.8 - Delta Flood Protection,
Chapter 2 - Special Flood Control Projects (commencing with Section 12310). Refer to
AppendixC for pertinent excerpts from the California Water Code. It is the intent of the ¯
Legislature that, to the extent consistent with existing requirements, special projects will be
consistent with the Delta ecosystem restoration strategy of the CALFED program.

Funding for the Special Improvement Projects is discussed later in this report. Table 4 lists
implementation objectives, targets, and actions associated with the Special Improvement
Projects elements.                                                                                I

2.2.2 Sco|’E
The Special Improve-
ment Projects Pro-

DWR is responsible for the existing state Specia! Projects Program and would continue togram also must pro-
develop and implement the Special Improvement Projects element of the Levee Program.vide for a net long-

term habitat improve-
The primary purpose of the existing and proposed programs is to protect discrete andment.
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I identifiable public benefits, including public highways and roads, utility lines and conduits,
urbanized areas, water quality, recreation, navigation, and fish and wildlife habitat. Special
Improvement Projects include flood contro! projects for (1) all the Delta islands, but
primarily the key eight western and central islands of Bethel, Bradford, Holland, Hotchkiss,

and the Towns of Thorton and Walnut andJersery,Sherman,Twitchel, Webb;(2) Grove;
(3) approximately 12 (more like 18) miles of levees on the islands bordering northern
Suisun Bay from Van Sickle Island to Montezuma Slough. The Special Improvement

= I
Projects Program also must provide for a net long-term habitat improvement.

Project plans may include, or be a combination of, the improvement, rehabilitation, or

I modification of existing levees, and the conveyance of interests in land to limit or to modify
land management practices that negatively affect flood control facilities. Easements will be
obtained for the control and reversal of subsidence in areas along the levees where DWR

i determines that such an easement is desirable to maintain the structural stability of the
levee. Project plans must include provisions for the protection of fish and wildlife habitat
determined necessary by DFG and that do not reduce the integrity of flood control works.

I
2.2.3 PROJECT PRIORITY

i In accordance with the California Water Code (Section 12313), DWR is required to develop,
in consultation with appropriate federal, state, and local agencies, a list of areas where flood

I control work is needed to protect public facilities or provide public benefits. Priority of
projects is to be based on the importance or degree of public benefit needing protection and
the need for flood protective work. The list is now subject to the approval of the California
Water Commission.

I           However, for the CALFED Program to achieve its objectives, this authority must be
coordinated with the CALFED Program. The following change in the Water Code is

I suggested:

¯ The Levee Implementation Group (LIG), as established by CALFED, will develop
= ¯ a priority list of Special Improvement Projects consistent with the CALFED

objectives and the primary purpose of the Special Flood Control Projects authority.
The LIG is comprised of CALFED agencies and stakeholders to provide a forum
for stakeholder and science review and to coordinate Levee Program actions withI all other CALFED actions.

¯ The priority list will be approved by the CALFED Policy Group (or new CALFED
I umbrella authority).

Special Improvement Projects could be pfiofitized based on a matrix of objectives and

i Special Improvementisland attributes. Such a matrix was developed by DWR with input from CALFED’s LeveeProjects could be pri-
and Channel Technical Team. Table 5 presents such a matrix. A more detailed "Specialoritized based on a
Projects Information Matrix" is presented in Appendix D. This information demonstratesmarx of objectives

I the scope and complexity involved in objectively prioritizing islands and projects. Theand island attributes.
existing matrix of objectives and island attributes (see Table 5) and the more detailed
Special Projects information matrix (see Appendix D) presented in this Long-Term Levee
Protection Plan, would supplement a new CALFED priority matrix developed to support theI The matrix and should be evaluatedCALFEDobjectives. of objectives,attributes, priorities
regularly to adapt to the changing Delta environment.

~ ~
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Table 4. Implementation Objectives, Targets, and Actions Associated with the 1
Delta Levee Special Improvement Projects

Implementation Objective Target Action ¯
Enhance flood protection for Improve levee stability in keyModify levee cross sections by raising levee
key islands that provide Delta locations to a level height, widening levee crown, flattening levee
statewide benefits to the commensurate with the benefits slopes, and/or constructing stability berms in
ecosystem, water supply, which the levees protect key Delta locations ¯
water quality, economics,
infrastructure, etc. Maintain improved levees Develop a long-term maintenance plan

Establish a stable funding Provide necessary funding to Prepare cost estimates 1
source improve and then maintain key

levees for the CALFED planningIdentify beneficiaries to provide equitable
horizon distribution of costs

l
Develop funding sources

Coordinate the permitting Reduce the time required to Develop a uniform process to coordinate and ¯
process acquire all necessary permits approve all permits

Provide regional mitigation banking

Coordinate with the Ecosystem Restoration
Program to provide an environmental
enhancement component                    i          l

2.2.4 APPROVAL OF PLANS FOR SPECIAL IMPROVEMENT ¯
PROJECTS

Project plans will be developed by DWR in cooperation with the local agency, the public I
beneficiary, and DFG. Project plans will be subject to the approval of the appropriate local
agency or agencies, and DFG. DFG will make a written determination as part of its review
andapproval of a plan or project whether the proposed expenditures are consistent with a ¯
net long-term habitat improvement program and would result in a net benefit for aquatic
species in the Delta.

2.2.5 EXECUTION OF PLANS

Special improvement projects will be undertaken and completed in accordance with the
approved project plans. Project works may be undertaken by DWR or, at DWR’s option, by
the local agency pursuant to an agreement with DWR.

In addition to any obligations assumed under an agreement with DWR and to the extent
consistent with that agreement, the local participating agency will (1) provide construction 1
access to lands or rights-of-way that it owns or maintains for flood control purposes or for
purposes that are compatible with the project’s required use and necessary to complete the
project; (2) maintain the completed project; (3) apply for federal disaster assistance, 1
whenever eligible, under PL 93-288; (4) hold and save the State and its employees free from
any and all liability for damages, except that caused by gross negligence, that may arise out

~ ~
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|
Table 5. Special Projects Matrix of Objectives and Attributes

Objective Island Attribute

I Life and personal property Permanent population
Towns
Housing units
Residential lands

Water quality Long-term salinity intrusion induced
Critical to water quality (Senate Bill 34)

I Island volume

Agricultural production Total agricultural lands
Value of damagable crops

Recreation State or regional parks
Recreation lands
Recreation resorts/marinas

I Cultural resources Known prehistoric sites
Potential historic sites

Ecosystems Native vegetation
Wetlands
Riparian habitats

i Agricultural waterfowl habitats
Known special-status plant occurrences
Known special-status wildlife occurrences

Infrastructure of local concern County roads
Commercial lands
Industrial Lands
Acreage protected per levee mile

I Infrastructure of statewide concern Federal and state highways
Water supply conveyance
Railroad mainlinesI Natural pipelinesgas
Natural gas fields and storage
Power transmission lines

I Adjacent island resources Adjacent levees at risk
Seepage risk

of the construction, operation, or maintenance of the project; (5) acquire easements;
(6) comply with habitat mitigation and improvement requirements; and (7) use subsidence

I control alternatives.

I Prior to the adoption2.2.6 MAINTENANCE
of any maintenance
criteria, the Board will

i Completed special improvement projects will be maintained by the local cooperating agencyhold public hearings
pursuant to maintenance criteria adopted in accordance with Section 12984 of the Californiaand revise the criteria
Water Code. This section requires DWR to develop and submit for approval by the Board,as deemed necessary.
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!
criteria for the maintenance and improvement of levees. The criteria will be adapted to meet ¯
specific conditions; be multipurpose; and include environmental considerations, when
feasible. The non-project levee maintenance criteria will embody and implement the
mitigation plan set forth in the "Flood Hazard Mitigation Plan for the Sacramento-San
JoaquinDelta" and the "Vegetation Management Guidelines for Local Non-Project Delta ¯
Levees." Project levee and eligible non-project levee maintenance criteria also will comply
with the PL 84-99 Delta Specific Standard, the Corps’ "Standard Operation and
Maintenance Manual," and each applicable supplemental agreement. PL 84-99 Levee 1
Maintenance standards allow significantly less vegetation than the "Vegetation Management
Guidelines for Local, Non-Project Delta Levees," that was approved for the I-IMP standard.
Replacement of the HMP vegetation guidelines with the PL 84-99 vegetation standard on ¯
non-project levees likely will result in greater habitat mitigation and enhancement
requirements through the AB 360 program. Prior to the adoption of any maintenance
criteria, the Board will hold public hearings and revise the criteria as deemed necessary.

2.3 DELTA LEVEE SUBSIDENCE ¯̄
CONTROL PLAN

The goals of the Delta Levee Subsidence Control Plan (Subsidence Control) element are toThe goals of the Deltareduce or eliminate the risk to levee integrity from subsidence and assist in the coordinationLevee Subsidence
of subsidence-related linkages with other CALFED programs. This element is beingControl Plan element ¯
developed and evaluated at a programmatic level. Appendix E contains two subsidenceare to reduce or elimi-1
reports developed by the Subsidence Subteam. One report discusses the effects ofnate the risk to levee
subsidence on levee integrity, presents a preliminary subsidence mitigation plan for leveeintegrity from subsi-

and delineates target areas for subsidence control based on the best available    dence and assist inintegrity,
information. The other report presents a broader perspective in an evaluation of subsidencethe coordination of

subsidence-related
as it affects all CALFED objectives, linkages with other

CALFED programs.
I

2.3.1 INTRODUCTION
I

Subsidence issues, concerns, and solutions are addressed in both the Levee Program and the
Ecosystem Restoration Program. The Long-Term Levee Protection Plan focuses on ¯
subsidence that affects the levee system. Subsidence management is covered under the |existing "Special Flood Control Project" portion of the California Water Code (refer to
Appendix C).

I

2.3.2 BACKGROUND
~l¯

Subsidence has substantially contributed to the Delta islands current condition of relativelySubsidence has sub-tall levees that protect interiors below sea level. Recently, however, the importance ofstantially contyibuted ¯
subsidence to levee stability has diminished. Land management and levee maintenanceto the Delta islands
practices have improved, and subsidence rates have decreased. In addition, the Subsidencecurrent condition of
Subteam has determined that a zone of influence (ZOI) extends from the levee crest to somerelathtely tall levees
distance inland, beyond which subsidence will not affect levee integrity, that protect interiors̄

below sea level. ¯
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I
I Although the ZOI for a reach of levee can be determined with site-specific data, the

Subsidence Subteam has estimated the ZOI for planning purposes. Based on available
information and engineering judgement, the ZOI is roughly estimated to range from 0 to 500
feet from the levee crest, depending on site-specific conditions. The Subsidence Control
element addresses subsidence as it affects levee integrity within the ZOI adjacent to levees.

Table 6 lists implementation objectives, targets, and actions associated with the Subsidence

I Control element.

I 2.3.3 REMEDIAL ACTION AND PREVENTION

i Potential levee settlement/subsidence mitigation actions that should be considered include:

¯ Geotechnical engineering principles and practices in conjunction with proven
construction methods should be applied. Levee subsidence will continue as long as
levee building and repair continue to add loads onto weak,compressible
foundations.

I ¯ Seepage control, dewatering efforts, excavations, and land management activities
near levees should be modified to minimize adverse impacts on levee integrity.

¯ Stability and drainage berms should be strategically located and sequentially
constructed to minimize or prevent levee deformation.

¯ Land leveling and other ground surface modifications (for example, ditching)
should be restricted within the ZOI. High groundwater levels and vegetative growth
could be tolerated in some areas to accommodate measures aimed at reducing
subsidence due to oxidation.

I
As long as subsidence is adequately managed within the ZOI, levee integrity should be
unaffected. Subsidence control and monitoring are most important for the western andSubsidence control

and monitoring are

I central Delta islands, where the depth of organic soils are the greatest and the organicmost important for
content of the deposits are commonly high. Previous attempts at prioritizing areas andthe western and cen-
islands, based on depth of peat and organic matter content, provide a good starting point fortral Delta islands,

i the development of a subsidence monitoring, control, and prevention program, where the depth of
organic soils are the
greatest and theThe levees identified as target areas for subsidence remedial action and prevention wouldorganic content of the

i require screening and integration with other issues affecting levees, such as seismic stabilitydepos~ are corn-
requirements and Delta water operations. This integration would allow a better prioritizationmonly high.
of future subsidence remediation of Delta levees.

I
2.3.4 CURRENT PROGRAM

i The California Water Code’s Special Flood Control Projects Program states that local
agencies will acquire easements from the crown along levees for the control and reversal
of subsidence in areas where DWK determines that such an easement is desirable toI maintain structural stability of the levee. The easement would: (1) restrict the use of the land
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Table 6. Implementation Objectives, Targets, and Actions ¯
Associated with the Delta Levee Subsidence Control Plan

Implementation Objective Target Action ¯
Reduce the risk to Reduce, eliminate, or Implement current BMPs to correct subsidence effects
levee integrity from reverse subsidence on levees
subsidence adjacent to affected

levees Fund grant projects to develop BMPs that address ¯
subsidence as it affects levee integrity

Improve the permitting Reduce the time requiredDevelop a tmiform process to coordinate and approve al!
to acquire all necessary permits ¯process
permits

Provide regional mitigation banking

Coordinate with the Ecosystem Restoration Program to
provide an environmental enhancement component

Coordinate subsidence- Develop and implementAssist CMARP activities to quantify the effect and ¯
related linkages with otherBMPs to facilitate extent of inner-island subsidence and its linkages to all
CALFED programs CALFED objectives CALFED objectives

Notes:

BMPs = Best management practices.
CMARP = Comprehensive Monitoring, Assessment, and Research Program.                                                 I

to open space uses, non-tillable crops, the propagation of wildlife habitat, and other com-
patible (2) providefull access to the local agency for levee maintenance and ¯uses;
improvement purposes; and (3) allow the owner to retain reasonable rights of ingress and
egress, as well as reasonable rights of access to the waterways for water supply and
drainage. In addition, the current program states that local agencies will use subsidence 1
control alternatives, where appropriate, to reduce long-term maintenance and improvement
costs.

2.3.5 PROPOSED PROGRAM                          ’ Subsidence monitor-
ing would begin with
an evaluation of exist-

CALFED will implement a subsidence control and monitoring program. Subsidence controling soils and their
measures will be incorporated into base level and special improvement projects. Subsidencedistribution in the
monitoring would begin with an evaluation of existing soils and their distribution in theDelta, and a determi-I
Delta, and a determination of land surface elevation. Efforts would be directed to areas onnation of land sur-
and adjacent to the levees, within the ZOI. From a new, continually updated database, aface elevation.
target list of levees and islands being affected by subsidence could be maintained.
Monitoring would allow subsidence control to be adaptively managed as levees are
rehabilitated. This monitoring effort would be coordinated through CALFED’ s Comprehen-
sive Monitoring, Assessment, and Research Program (CMARP).

The Levee Program ¯
In addition, because the linkages of inner-island subsidence to CALFED objectives needsrecommends that
more study, the Levee Program recommends that CMA_RP quantify the extent and effect ofCMARP quantify the

extent and effect of
inner-island subsidence. CALFED may implement grant projects to develop best manage-inner-island subsi- |merit practices (BMPs) that restore interior island elevations, dence.
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I

2.4 DELTA LEVEE EMERGENCY
MANAGEMENT AND RESPONSE PLAN

I The goal of the Delta Levee Emergency Management and Response Plan (Emergency
Management Plan) element is to enhance existing emergency management responseThe goal of the Delta

Levee Emergency
capabilities in order to protect critical Delta resources in the event of a disaster. MoreNanagement and

I focused analysis and documentation of specific targets and actions will occur in subsequentResponse Plan ele-
efforts, ment is to enhance

existing emergency
management

I response capabilities2,4,1 INTRODUCTION in order to protect
critical Delta
resources in the eventI The existing emergency response capabilities need to be continuously refined, and fundingof a disaster.

needs to be increased. The Emergency Management Plan will build on existing state, ,
federal, and local agency emergency management. It will propose specific actions that will

I improve response flexibility to ensure that appropriate resources are available and properly
deployed, and provide for effective disaster recovery measures.

Table 7 lists implementation objectives, targets, and actions associated with the Emergency
I Management and Response Plan element.

I    2.4.2 BACKGROUND

I The most recognizable threat to Delta islands and resources is inundation due to winter
The most recogniz-

flood events. Other potential disasters that threaten these same resources include seismicable threat to Deltaevents and levee failure during low-flow periods, islands and resources

I is inundation due to
Current emergency response procedures could be streamlined to reduce delays in mobilizingwinter flood events.
resources. A quick response can prevent cosily levee failures. ~ addition, the tendency to .......
focus emergency response measures on those sites facing imminent failure can result in
neglecting actions that could threatened sites from escalating into emergencies.prevent

I 2.4.3 CURRENT PROGRAM

I The Govemor’s Office of Emergency Services (OES) coordinates state agency responses.
When an incident appears to potentially exceed the resources of the local responsible
agency, emergency personnel conduct on-site evaluations to determine what, if any,
additional emergency support is warranted. Cities and counties can proclaim local disasterI events and, general, or maintaining agencies are responsibility tolocal first in for
address disaster events. Although certain agencies may have resources to provide initial
emergency action, typically they cannot provide a sustained effort during a large disaster

I event. Most local agencies do not have the resources to address major disaster events, and
existing agreements may provide a means for sharing additional resources from surrounding
areas. The federal government provides fmanciaI assistance through FEMA under a

! - ~ C2d2~ Long-Term Levee Protection Plan-~ MY-~LTA
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!
presidential declaration of disaster; however, other federal agencies such as the Corps may ¯
provide assistance or resources under existing authorities.

1
Table 7. Implementation Objectives, Targets, and Actions Associated with the ¯

Delta Levee Emergency Management and Response Plan I

Implementation Objective Target Action l
IEnhance emergency Develop the capability to Implement a comprehensive reconstruction, repair, and

response capabilities and efficiently respond to maintenance program for Delta levees
resource allocation multiple concurrent levee ¯

breaks within the Delta Review, clarify, and refine command and control
protocol; develop an Integrated Response Plan in
conformance with SEMS/ICS                                 ¯

¯Define agency responsibilities to ensure environmental
compliance

1

Purchase materials in advance and place in strategic 1
locations

Execute pre-negotiated contracts with contractors for 1
forces and equipment to respond with short notice

Clarify program elig~ility, inspection, documentation, ¯
dispute resolution, auditing, and reimbursement
procedures

Develop a stable funding Provide funding for a well- Prepare cost estimates ¯
source for emergency defined Disaster Assistance 1
response Program Identify beneficiaries to provide equitable distribution

of costs

Develop funding sources 1

Notes:

ICS = Incident Command System. 1
SEMS = Standardized Emergency Management System.

I
The existing emergency management structure is designed to coordinate activities of
multiple state, federal, and local agencies with varying responsibilities to provide

assistance in the event of a disaster. The Standardized Emergency Management ¯emergency
System (SEMS) provides a framework for coordinating state and local government
emergency response in California, using the Incident Command System (ICS) and mutual
aid agreements. SEMS facilitates setting priorities, cooperation among agencies, and the                      ~
efficient flow of resources and information.

I
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I 2.4.4 PROPOSED PROGRAM

i CALFED plans to build on the existing emergency response system. CALFED’s Emergency
CALFED plans to buildResponse Subteam determined that an effective Delta levee emergency response programon the existing erect-

should be concentrated in seven areas: gency response sys-
tem.

I ¯ Funding;

¯ Response by state and federal agencies;

¯ Availability of flood fight resources;

I ¯ Integrated response;

¯ Clarification of regulatory procedures;

I * Clarification of program eligibility, inspection, documentation, auditing, and reim-
bursement procedures; and

i ¯ Dispute resolution.

Funding

The vulnerability of the levee system can be reduced by implementing an integrated and
comprehensive reconstruction, repair, and maintenance program for Delta levees and
channels, as described and recommended under the Levee System Integrity Program.
Implementation can be accomplished only by supplementing local funding capability

l through state and federal cost-sharing at adequate and consistent levels.

i Response by State and Federal Agencies

¯ DWR’s authority to respond should be clarified and expanded to include all

I instances where levees or other flood control structures are in danger of failure,
regardless of whether the danger is due to storms, floods, earthquakes, rodents,
vessel impacts, or any other cause. The fimding for support of DWR’s efforts

i should be ample and clearly committed for a comprehensive emergency response.

The role of the Corps also should be clarified and confirmed, to eliminate delay in
response and avoid any dispute concerning whether the local and state responses are
sufficient.

¯ DWR should be given the mandate, authority, and funding to carry out the repair
of damage to Delta non-project levees due to floods, storms, and levee failure
incidents~including de-watering flooded areas. All FEMA and OES funds related
to such work should go directly to DWR.

I
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Availability of Flood Fight Resources
I

Specialized Equipment and Operators

A revitalized levee maintenance capability under the Levee System Integrity Program will
A revitalized leveeestablish a fleet of specialized equipment essential to a rapid emergency response but willmaintenance capabil-

not ensure its availability during emergencies that can widely range in geographic extent.~ under the Levee 1
Pre-emergency contracting for specialized equipment will secure the availability of theSystem Integrtb/Pro-
equipment and experienced operators and will establish the pricing for emergency services,gram will establish a

fleet of specialized l
Material Stockpiles equipment essential

to a rapid emergency
response but will not

DWR (Central District) has established stockpiles for flood-fighting material (such asensure ~ availability¯
sandbags, plastic, stakes, light equipment, and pumps) at three locations in the north, south,during emergencies |and west Delta. The program should include assurance of a supply or stockpiling of sand,that can widely range
drain rock, and riprap, in geographic extent.

Staffing for Emergency Assistance

Formalizing arrangements with the California Department of Forestry and Fire Prevention, !
as well as with the California Conservation Corps and the State Prison System, .for
emergency assistance should be considered.

Integrated Response

A detailed response plan should be developed for the Delta that would allow an immediate,"~
simultaneous response to a serious incident by all levels of government within a singleA detailed response

plan should be devel-
integrated organizational structure. The plan would identify common needs and functionsoped for the Delta    1
of all agencies (for example, housing, food, transportation, supplies [including rock andthat would allow an
sand], equipment, and contracted services) and would assign the most capable agency orimmediate, simul-
jurisdiction to perform each action on behalf of all agencies. The detailed response planstaneous response to a ¯
would provide the basis for pre-identifying and assigning specific responsibilities for eachserious incident by all

levels of government
agency, as well as the level of resources that the individual local agency would be expectedwithin a single inte-
to provide in response to the emergency. With detailed assignment of responsibilities, angrated organizational ¯
organizational structure for the "area command" could be delineated to ensure that thestructure. |"incident commands" were coordinated.

Clarification of Regulatory Procedures I

Although both state and federal laws suspend environmental regulation during emergencies,
some clarifications are desirable.

¯ A consistent definition of "emergency" should be developed for response and 1
regulatory activities. It is especially important that the defined duration of the
emergency be consistent for both purposes.

¯ Mitigation measures that are expected duringpost-emergency recovery work should
be defined, to rapidly define and implement "appropriate" mitigation and to avoid
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unnecessary delays of post-emergency recovery work. Fish and Game Code Sec-
tion 1600 outlines only general obligations.

I Clarification of Program Eligibility, Inspection, Documentation,
Auditing, and Reimbursement Procedures

l The requirements of state and federal programs need to be standardized to be consistent with
one another, be well communicated to the local agencies without delays, and avoid changes
or re-interpretation during the reimbursement process.

I Dispute Resolution

A binding arbitration procedure, conducted by knowledgeable but impartial arbiters, should

I be established. The procedure should encompass state and federal programs.

l 2.5 DELTA LEVEE RISK ASSESSMENT
AND RISK MANAGEMENT STRATEGY

I
Delta levees and islands are at risk of failure fi’om floods, seepage, subsidence, earthquakes,
and other threats. The goal of the Delta Levee Risk Assessment and Risk ManagementThe goal of the Delta
Strategy is to quantify the risks to Delta levees, evaluate the consequences, and develop anLevee Risk Assess-

ment and Risk Man-appropriate risk management strategy, agement Strategy
element is to quantify

I the risks to Delta lev-
2.5.1 INTRODUCTION ees, evaluate the con-

sequences, and de-
velop an appropriate

I Many CALFED agencies and stakeholders have voiced concern over the need to quantifyHsk managements
strategy.

Delta levee risk, to determine the consequences of failure, and to implement an appropriate
risk management strategy.

I The greatest threat to Delta levees is overtopping and seepage during flood flows. Since
their reclamation, every Delta island has flooded at least once. Over the past 50 years,

I dozens of islands have flooded. Some islands have flooded many times. Some islands were
never reclaimed. The vulnerability of the Delta levee system to failure during earthquakes
is also a concern. Although levee failure t~om a seismic event has never been documented,
the Delta has not experienced a significant seismic event since the levees reached theirI current to resources mustmanaged objectives are tosize.Therisk Delta be if theCALFED
be achieved. Appendix D lists the major resources in the Delta.

I Over the past 25
years, the existing

2.5.2 PAST AND PRESENT EFFORTS Delta levee program
has reduced the risk

I of flood and seepage
Over the past 25 years, the existing Delta levee program has reduced the risk of flood andby improving Delta
seepage by improving Delta levees, levees.
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Research and demonstration projects are being conducted to quantify the effects of
subsidence and determine how to reduce its threat to Delta levees.

In the late 1980s, DWR’s Division of Engineering embarked on a long-term seismic
stability evaluation of Delta levees. Strong-motion accelerometers were installed at several
sites in the Delta. Field and laboratory testing is being done to better determine the static
and dynamic properties of organic soils and to better determine their liquefaction potential.
The potential activity of the Coast Ranges/Sierra Nevada Boundary Zone is being evaluated.
In 1992, DWR published a report titled, "Seismic Stability Evaluation of the Sacramento-
San Joaquin Delta Levees, Volume I." DWR’s seismic investigation is being continued.
DWR continues to collect data from their seismic monitoring instruments, and continues
field and laboratory testing. These data will be published in future reports.

In 1998, a Seismic Vulnerability Subteam performed a seismic risk assessment of DeltaThe Seismic Vulnera-
levees. The sub-team was comprised of a group of experts in the fields of seismology andbility Subteam deter-

mined that a signifi-geotechnical engineering. The assessment identifies the risk to Delta resources during acant seismic risk is
catastrophic seismic events and comments on the general feasibility of various actions topresent; however,
reduce exposure to the risk. The assessment determined that a significant seismic risk isimproved prepared-
present; however, improved preparedness can reduce the potential damage. The Seismichess can reduce the
Vulnerability Subteam’s December 1998 report, "Seismic Vulnerability of the Sacramento-potential damage.
San Joaquin Delta Levees," is included in Appendix G of this document.

2.5.3 PROPOSED RISK ASSESSMENT I

CALFED staff will work with stakeholders, the public, and state and federal agencies to                      ¯
develop and implement a Delta Levee Risk Assessment and Risk Management Strategy. |CALFED will incorporate the findings from the Seismic Vulnerability Subteam’s
assessment into an overall risk assessment. Once the risk to Delta levees is quantified andCALFED staff will
the consequences evaluated, CALFED will develop and implement an appropriate riskwork with stake-    ~
management strategy, holders, the punic,

and state and federal
agencies to develop

Several risk management options have been developed for inclusion in the CALFEDand implement a ~
Preferred Program Alternative. The available risk management options include, but are notDelta Levee Risk
limited to: Assessment and Risk

Management

I
¯ Improving emergency response capabilities, Strate~.
¯ Reducing the fragility of the levees,
¯ Improving through-Delta conveyance,

Constructing an isolated facility, 1
¯ Developing storage south of the Delta,
¯ Releasing more water stored north of the Delta,
¯ Restoring tidal wetlands, ~
¯ Controlling and reversing island subsidence,
¯ Curtailing Delta diversions, and
¯ Continuing to monitor and analyze total risk.

1
The final Risk Management Plan will include a combination of these options and others
identified as a result of the risk assessment. ,-

|
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I Table 8 lists implementation objectives, targets, and actions associated with the Ddta Levee
Risk Assessment and Risk Management Strategy Element.

Table 8. Implementation Objectives, Targets, and Actions Associated with the
Delta Levee Risk Assessment and Risk Management Strategy Element

l Implementation Objective Target Action

Prepare a Delta Levee Risk    Document fmdings in Assemble a scoping team to prepare a Request for

I Assessment and Risk a report to CALFED Proposals
Management Strategy

Quantify risks to Delta levees from overtopping,
seepage, subsidence, and earthquakes

I
Quantify the consequences to resources at risk

I Develop potential risk management strategies that are
cons, istent with CALFED’s Preferred Program
Alternative; coordinate with CALFED program
managers, agencies, and stakeholders; develop viable

I funding methodologies

Make recommendations to CALFED on specific risk

I management actions and funding methodologies

Implement appropriate risk Integrate risk manage- CALFED to take appropriate action on selected risk
management strategies merit strategies into management actions

I CALFED’s Preferred
Program Alternative

!

i
I
I
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! 3. Sea-Level Rise
I                                            II

l 3.1 INTRODUCTION

I Most researchers agree that sea level is currently rising and has been since the end of the last
ice age about 17,000 years ago (Scientific American August 1998). The evidence for rising
sea levels comes from direct measurements of the ocean water column, the geologic record,

I changes in the earth’s angular momentum, and melting glaciers. Thermal expansion of
ocean water due to increased surface warming and an increased water supply from glacial
melt are the two main causes of increased sea level.

I sinking sirddng ground (for example, by hydrocarbonTectonic andhuman-induced of the
extraction, ground water pumping, or settlement of Delta levees) also may cause relative
sea-level rise. When combined with rising sea levels due to climatic and oceanic factors, a

I total sea-level rise may be obtained for any given area where measurements are available.

Only the long-term rise in sea levels due to fresh-water influx from melting glaciers andIf sea level continues

I oceanic thermal expansion factors are considered here. Site-specific amounts of tota! sea-to rise at the present
level rise may be calculated as needed and are beyond the scope of this work. rate, low-lying

beaches, wetlands,
and critical infra-

i Since near the beginning of this century, the rate of sea-level rise has been from about 1 tostructure such as
3 millimeters per year (mm/yr). If the sea level continues to rise at the present rate, low-levees will become
lying beaches, wetlands, and critical infrastructure such as levees will become furtherfurther inundated and
inundated and threatened by increased water surface levels, wave erosion, and associatedthreatened by

I problems. Since much of the Bay-Delta system is at or near sea level, it is likely to beincreased water
directly affected by rising sea levels. Levee height determinations may need to be increasedsurface levels, wave
to prevent levee overtopping and subsequent levee failure, erosion, and associ-

ated problems.

!
3.2        ATMOSPHERIC WARMING AND SEA-

l LEVEL RISE

I One of the major causes of rising sea levels is an increase in atmospheric temperatures,

tt

Increasing atmospheric temperatures heat ocean waters and cause them to rise by thermal
expansion. Warmer temperatures also are responsible for the increase in melting of

I terrestrial and oceanic glaciers. Average atmospheric temperatures have risen about 1 degree
Fahrenheit (0.6 degree Celsius) since the turn of the century (Titus and Narayanan, EPA
1996). Warming trends are not the same on all continents and in all oceans, but rather are
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an average of global climate trends. Local climates may actually be cooling, as discussed
by the National Oceanic and Atmospheric Agency (NOA_A) at http://www.ncdc.noaa.gov/One of the major
ol/climate/globalwarming.html#Q1. Many climate experts believe that the overallcauses of rising sea
warming trend is a result of an increase ofanthropogenic carbon dioxide and other so-calledlevels is an increase in
"greenhouse gasses." temperatures.arm°spheric1
There is considerable debate on the effects of greenhouse gases. For example, Curt Suplee
at http://www.Globalwarming.org reports that increases in carbon dioxide concentrations
may actually follow warming trends. However, the uncertainty of the cause of warming is
high, and much more research is needed to resolve the issue. While earth-based instruments
show a distinct warming trend, space-based measurements of atmospheric temperatures over ¯
the past decade or so show no such trend and instead show a small cooling trend in some
cases. However, it is also possible that the climate system does not react instantly to
increases in greenhouse gases. The effects of the input of such gases to the atmosphere may 1
not be linear and possibly may not be felt until a furore time. This view is detailed at |http://www.artsci.wustl.edu/~rj niemie/hewterm.html.

Research into atmospheric warming is continuing. Instruments such as those aboard the 1
currently planned CloudSat satellite will better enable scientists to determine whether the
atmosphere is getting warmer (Space News May 1999).

3.2.1 MELTING GLACIERS AND SEA-LEVEL RISE

Besides thermal warming of ocean waters, the other major input to sea-level rise is glacial
melt water. While no glaciers are present in the project area and no volumes have beenBesides thermal
estimated, relatively rapidly melting glaciers are a current phenomena in many other places,waters,Warmingthe°f other°Cean

ITerrestrial glaciers are melting at a seemingly accelerated pace throughout the world. Themajor input to sea-
web sites referencing this melting are: level rise is gladal

melt water.
¯ http://www.tv.ebc.ca/nafional/pgminfo/glacier/index.html shows photographs

of the retreating Athabascan Glacier.

¯ http:llwww.enn.comlenn-news-archivel1998105/O52798/glacier.asp gives a dis- 1
cussion of the melting of glaciers at various locations.

¯ http://www.greenpeace.org/--climate/database/records/zgpz0212.html shows the I
amount of glacial retreat at various locations.

¯ http ://spacelink.nasa.gov/NASA.News/NASA.News.Releases/Previous.News.
IReleases/99.News.Releases/99-03.News.Releases/99-03-04.Greenland.Glaciers.

Shrinking reports the unexpected recent change in the Greenland Ice Sheet.
1

Continued measurements over the next decade will expand the amount of factual 1
information concerning glacial melting. This would be especially important in the case of
a possible breakup and melting of very large glaciers, for example, on Greenland or in the ¯
Antarctic ice system.

The April 1999 Scientific American reports that the glaciers of Glacier National Park in
Montana will run dry within the next 50 years. For comparison, about 6% of the world’s ice ¯
is contained in mountain glaciers. The Antarctica and Greenland Ice Sheets contain about 1
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90% of the world’s fresh water. Melting of the ice sheets could sharply accelerate sea-level
rise. the of the Larsen Ice Shelf in the Antarctic be foundPhotographsshowing breakup
at http://www-nsidc.colorado.edu/NSIDC/ICESHV~LVES/lars_wilk_news. The rapid
relreat of summer sea ice in the Beaufort Sea north of Alaska is detailed in the February
1999 Science News.

3.2.2 MEASURING THE AMOUNT OF SEA-LEVEL RISE

i Measuring sea-level rise is complex. Seaborne measurements over the last 100-150 years
indicate that globally, the sea level has been rising at the rate of about 2 ram/yr. This amount
will vary with location. The global average from tide gage records (Gomitz 1994) is from
about 1 to 3 ram/yr.

Tide gages provide the most direct measurements of sea-level rise; however, tide gages
usually are placed on piers near a geodetic benchmark. Some serious problems areTide gages provide

the most directassociated with tide gage measurements. Local movements caused by postglacial reboundmeasurements of sea-
or subsidence greatly modifies the rate of relative sea-level rise or lowering, as may be thelevel rise; however,
case. Tide gages also must be resurveyed periodically to correct for changes in gagetide gages usually are
platform mountings. The length of record is important, with 50 years of record probablyplaced on piers near a
being the minimum length for accurate measures. A detailed discussion of tide gagegeodetic benchmark.
measurement accuracy can be found at http://www.agu.org/revgeophys/dougla01/
node3.html#SECTION00030000000000000000.

I           Modem electronic measurements such as GPS- (global position system-) based measures,
and laser and satellite altimetry offer the most consistent and accurate methods available to

I measure sea-level fluctuations. Problems with these techniques can occur from various
kinds of instrument noise and interference, but they can be resolved. Over time, these
techniques will provide very accurate measures of sea surface changes. Since electronic

i techniques are relatively new, they do not offer the history of measurements provided by
tide gage data. Nevertheless, when combined with computer models over the next decade,
the measurements should provide good baseline sea-level data and better insight to sea-level

i changes over time.

Plans now call for launching a series of earth observation system (EOS) observatories.
LandSat 7 was launched in April 1999, with more instruments scheduled to be placed in

I orbit steadily through 1999 and the coming years. European Space Agency and Japanese
platforms also will be launched. Measurements will extend beyond the f’n-st decade of the
21 st century, providing 10- to 15-year data sets. Scientists believe they can obtain important

I insights into how the earth system collectively works and provide a quantitative basis for
10- to 100-year predictions of global change. See NASA Facts Online at http://pao.gsfc.
nasa.gov/gsfc/service/gallery/fact_sheets/earthsci/eosund.htm for discussion. Mission
descriptions and launch schedules may be linked at http://www.earth.nasa.govlmissions/

I index.html.

Current space-based projections of short-term sea levels have been made with someI in the of the 1997 El Nifio and 1998 La Nifia events. The TOPEX-Poseidenaccuracy case
home page at http://topex-www.jpl.nasa.gov links to color plots of sea-level heights
determined from satellite altimetry.
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I
Not all researchers agree on the amount that sea level might rise over a given time span or
in a geographic location. For this report, a survey was made of nine current sea-level rise ¯
projections. The average of these projections shows that the global sea level could rise about
3.4 inches over the next 50 years, not including additional rise caused by increased
warming. (If the sea level continued to rise at the rate of about 1.8 mm!yr for the next I
50 years, by 2050 the ocean would have risen on average 3.4 inches.) This rate of sea-level
rise is close to historical average rates of rise and varies with location.

ll

The average rate above does not include a possible increased rate of rise due to increased I
climate warming and resultant thermal expansion. The trend of warming and sea-level rise
is predicted by many to be non-linear in the next century. When increased rates of warming 1
are included, the average of surveyed projections of sea-level rise shows that global sea
level could rise 7.2 inches by 2050 and 17.2 inches by 2100.

Predictions of sea-level rise are based on historical data, satellite and GPS measurements, 1
seaborne measures, and mathematical models. It is important to note that future trends inPredictions of sea-

level rise are based onsea-level rise may not be linear. Sea-level observations and models are being calibrated ashistorical data,
techniques and technologies improve overtime. The U.S. Environmental Protection Agencysatellite and GPS 1
(EPA) is at the forefront of research on global warming and sea-level rise. The EPA hasmeasurements,
included recent global warming projections in their model; results show that by 2050, globalseaborne measures,
sea levels might be expected to rise 5.9 inches. The same models show that by 2100, seaand mathema~cal ¯
levels might rise by about 13.4 inches. These results may be viewed at http://www.epa,models.
gov/docs/oppeoeel/globalwarming/reports/pubs/sealevel/probofsea/index.html#toc.

3.2.3 EFFECTS ON THE BAY-DELTA SYSTEM
1

 ay_Do  or !
Ground elevations inFrancisco Bay area to 10 feet and more in the Sacramento area. The effects of a rising sea
the Bay-Delta systemlevel on inland areas will be in direct proportion to the amount of ocean rise. Effects willvary from at or near

scale down to very little in the far northeast and southeast reaches of the Delta, where tidesea level in the San
effects are diminished along with increasing river and waterway elevations. Francisco Bay area to

10 feet and more in
Climate warming does not appear to be occurring as fast as predicted in the late 1980s andthe Sacramento area. ¯
early 1990s. In 1996, the EPA published "The Probability of Sea Level Rise," whichThe effects of a rising

sea level on inlandlowered the climatic warming projections and published a set of tables to be used in theareas will be in direct
projection of sea-level rise numbers at various locations in the coastal United States. Theproportion to the ¯
average rate of rise for the San Francisco Bay Area is given as 1.3 turn/yr. This averageamount of ocean rise.
alone would result in a rate of rise of 2.6 inches in 50 years. An addition!l component of
sea-level rise due to increased warming is given as 3.9 inches (10 cm) by 2050. Combining ¯
these terms gives a total projected EPA sea-level rise of 6.5 inches by 2050 for the San
Francisco Bay Area. The EPA method is found at http://www.epa.gov/docs/oppeoeel/
globalwarming/reports/pubs/sealevel/probofsea/Chpt9.pdf.

1
This projection is for the average trend and warming only, and does not contain a
component for the addition of water from melting glaciers. The EPA report does contain
discussion and diagnosis-level quantities for a Greenland contribution. 1
Other agencies in the Bay-Delta area have considered the possible effects of sea-level rise.
For example, the Bay Area Conservation and Development Commission (BCDC) in 1987 1̄

¯
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!
commissioned the report, "Sea Level Rise Predictions and Implications for San Francisco

I Bay."

The report is detailed and provides total sea-level rise projections for 2006 and 2036. Sea-

I level rise projections due to thermal expansion were based on a 1.8-mm/yr average taken
linearly over the period of interest. This Bay Area rate was higher than the century-long
average global sea-level rise of 1.2-mm/yr cited in the report. For comparison, the EPA uses

I 1.3 rnm/yr for the Bay Area, not including the warming component. The BCDC used only
average rates and did not consider a warming component in its projections, relying on a long
period of record at the Presidio gage.

I Based on a continuous record since 1855 at the Presidio, the rate of rise was 0.0039 ft/yr,
or 1.2 rnm/yr. During the most recent 19-year fide period (1967-1985), the rate was
estimated at 0.0072 ft/yr, or 1.8 mm/yr. The greater rate in this period of measure was in

I part caused by inclusion of the 1983 El Nifio event. Even without the El Nifio component,
however, the rate was 0.0059 ft/yr, or 1.5 ram/yr. The rate of sea-level rise appears to be
increasing over time. These rates give a projected 3.5-inch rise over a 50-year period with

I no E1 Nifio component, and a 4.3-inch rise over 50 years including the E1 Nifio component.
The rate with the E1 Nifio component was used as a working average in the BCDC report.
Table 9 compares the rates discussed.

I Considering the projections of sea-level rise in Table 9, it is estimated that sea level will rise
from 3 to 6 inches near the Golden Gate Bridge by 2050. Using the upper end of this range,Considering the

projections of sea-the effects on the Bay-Delta system might range from 6 inches of increased water surfacelevel dse in Table 9, it
elevation near the Golden Gate Bridge, to 4 inches of rise in the area of Venice Island in theis estimated that sea
mid-Delta, to no rise at the "H" Street Bridge in Sacramento. Again, these figures are basedleve~ wil~ rise from 3
on the upper end of the range, or 6 inches of rise by 2050 near the Golden Gate Bridge. Ifto 6 inches near the

I the lower end of the range is assumed (3 inches of rise by 2050 near the Golden GateGolden Gate fMdge
Bridge), these projections would be half at all locations. The far right column of Table 10by 2050.

shows the estimated upper end of the projected sea-level rise by location.

!
3.2.4 EFFECTS ON DELTA LEVEES Projected sea-level

i changes must be
considered in meeting

A major goal of the Long-Term Levee Protection Plan is to reconstruct and maintain allthe PL 84-99 levee
Delta levees to the PL 84-99 standard. This standard is based on the Corps’ Delta-specificstandard.

I 100-year flood elevation. This standard is affected by the elevation of sea level. If this goal
is to be achieved, therefore, projected sea-level changes must be considered.

I Table 10 shows changes in the amount of projected sea-level rise with tide gage location.Local land settlement,
expansion of ocean
water, and the
addition of wateri 3.3 CONCLUSIONS AND through  lacial
melting cause seaRECOMMENDATIONS levels to dse.
Increased atmos-I pheric temperatures,

Local land settlement, expansion of ocean water, and the addition of water through glacial measured over the
melting cause sea levels to rise. Increased atmospheric temperatures, measured over the pastpast century, are

century, are causing thermal expansion of ocean water. Although glaciers are melting andcausing thermal
expansion of ocean
water,

¯
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Table 9. Amount of Projected Sea-Level Rise: A Comparison of Historical Average and ¯
Projected Increased Warming-Induced Sea-Level Rise Components and Totals

Average Number Average Projected Sea-Level Sea-Level 1
Location and Component Rate/Year of Rise Warming Rise Rise

of Projection (ram) Years Component Component (mm) (inches)

Bay Area
I

EPA historical average 1.3 50 65 0 65 2.6

EPA projected warming 50 0 100 100 3.9 1
component

EPA average + warming 50 65 165 165 6.5
component

I
BCDC historical average 2.2 50 109 0 109 4.3

Global I

Other agencies historical 1.8 50 88 0 88 3.4
average

I
Other agencies average + - 50 - 183 7.2
warming component

Other agencies average + 100 - 437 17.2 l
warming component

EPA average + warming 100 - 340 13.4 l
component I

Notes:

Various other investigative agencies report different amounts of sea-level rise. The amounts have been averaged.
EPA amounts are lower than other agency amounts due to decreased amounts of projected global warming.

BCDC = Bay Area Conservation and Development Commission 1
EPA = U.S. Environmental Protection Agency
mm = millimeters

!
receding worldwide, the contribution of glacial-melt water to sea-level rise has not been well
quantified. The increase in temperatures has not been conclusively linked to the increase in
anthropogenic greenhouse gases. The research into global greenhouse warming is continuing.Current measures andl
Current measures and computer models already have lowered warming projections made incomputer models

1

the late 1980s and early 1990s. already have lowered
warming projections 1made in the lateThe methods used to measure sea-level rise have traditionally been land-based. As more

space-based instruments are used in the coming decade, the accuracy of sea-level1980s and early
1990s. As moremeasurements will increase. A series of sophisticated space-based instruments soon will bespace-based instru-I

placed into orbit for the purpose of measuring and understanding the complex interactionsments are used in the¯
of the climate systems of the earth. Understanding these systems will have a direct bearingcoming decade, the
on civil works programs such as the Long-Term Levee Protection Plan. accuracy of sea-level 1

measurements will1increase.
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Table 10. Amount of Projected Sea-Level Rise at Bay Area and Delta Tide Gage Stations

Approximate Adjusted
Daily Tide Adjusted Sea-Level Rise

Tide Gage Fluctuation Tide Decrease Sea-Level Rise (Estimated Upper End)
Station Location (feet) Factor (feet) (inches)

Golden Gate 5.8 1.1 0.5 6

Martinez 5.6 1.0 0.5 6

Rio Vista 4.8 0.9 0.4 5

Roaring River 4.4 0.8 0.4 5

Mallard Island 5.1 0.9 0.5 6

Antioch 4.3 0.8 0.4 5

Tracy 3.0 0.5 0.3 3

Venice Island 3.8 0.7 0.3 4

Freeport 1.7 0.3 0.2 2

Thornton 1.5 0.3 0.1 2

’T’ Street Bridge 1.1 0.2 0.1 1

"H" Street Bridge 0.0 0.0 0.0 0

It is recommended that a 3- to 6-inch sea-level rise be assumed for a 50-year planning
horizon for the San Francisco Bay Area. The assumed sea-level rise will decrease to 0 in theIt is recommended
far northeast and southeast reaches (see Table 10) of the Delta, where tide effects arethatsea_levela 3- tOrise6-inChbeeliminated by increasing river and waterway elevations. For comparison, the Corps’ Newassumed for a 50-
Orleans District (Britsch, personal communication May 1999) is using about 6 inches peryear plannin9 ho~zon
year for projected sea-level rise due to thermal expansion. As more accurate sea-level risefor the San Francisco
projections become available, CALFED will make adjustments accordingly. Bay Area.
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I
I
I
I 4. Ecosystem Restoration

Program/Levee Program! Coordination
I
i

Levee maintenance activities sometimes conflict with management of terrestrial and aquatic

I habitat resources on or around levees. For instance, vegetation provides valuable habitat butLevee maintenance
adJvNes sometimes

can complicate levee maintenance activities. A common stakeholder concern is that actionsconflict with manage-
to control levee and channel vegetation are often delayed or precluded because of potentialment of terrestrial

I impacts on endangered species. Although in some cases vegetation may provide erosionand aquatic habitat
control benefits, in general, vegetation on levees is not desirable for maintenance andresources on or
emergency response purposes. Bare levees are easier to inspect. Vegetation may concealaround levees.
evidence of instability, erosion damage, and burrow holes. In addition, the vegetation mayI provide shelter for, and foster the establishment of, burrowing animals. Deep-rooting plants
may threaten the integrity of the structural cross section. When deep-rooting plants are pulled
away by wave action or high winds, they can leave gaping holes in levee cross sections,

i leading to failure of the levee. Although vegetation on levees is not precluded by OES or
FEMA, vegetation may hamper flood fighting by impeding the application of sand bags or
plastic membrane to levees. Vegetation on levees may make use of some levee maintenance

I equipment difficult or impossible; therefore, vegetated levees may require more labor-
intensive levee maintenance activities. The application ofriprap or other erosion protection
materials may require clearing established vegetation.

I The value of riparian habitat as a critical resource for many fish and wildlife species must be
respected; however, many issues regarding vegetation on levees require resolution.
Sometimes when vegetation on the levee is feasible or even desirable for erosion control,

i local agencies maintain unvegetated levee slopes in order to avoid the need to contend with
endangered species requirements. This conflict contributes to reducing the environmental
quality in the Delta.

!
!
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4.1 CURRENT PROGRAM

This section discusses actions in the existing Subventions Program to address potential
conflicts between environmental restoration and levee maintenance efforts. Actions have
been taken to ensure that levee maintenance and reconstruction does not work against efforts
to protect and establish fish and wildlife habitat in the Delta. The existing Delta Levee
Subventions Program established by Senate Bill (SB) 34 and amended by SB 1065 contained
a requirement that levee maintenance result in "no net habitat loss." The Program was further
amended by AB 360, which established that levee maintenance work funded under the Delta
Levee Subventions Program must result in net habitat improvement. A memorandum of
understanding (MOU) has been negotiated among DWR, the Board, The Resources Agency,
and DFG. DWR and DFG have developed mechanisms to implement the habitat
requirements of the Subventions Program, including collecting data to create an environ-
mental database using GIS technology, identifying sites for habitat restoration, and coordinat-
ing with local agencies to develop methods to document restoration efforts.

In addition, California Water Code Section 12300 requires that projects funded unde~ the
Delta Levee Subventions and Special Projects Programs, currently administered by DWR,
be consistent with CALFED’s Delta ecosystem restoration strategy. DWR and DFG have
coordinated with the near-term Restoration Coordination Program (Category III) and have
championed several Category llI projects furthering levee and habitat restoration
coordination.

4.2 PROPOSED PROGRAM

This section presents the Levee Program’s strategy to address conflicts between the Levee
Levee Program andProgram and the Ecosystem Restoration Program. The Levee Program will build on theEcosystem Restora-

success of existing programs, such as the AB 360 program, in developing methods fortion Program staffare
successful levee and ecosystem coordination. Levee Program and Ecosystem Restorationworking in close coot-
Program staff are working in close coordination to develop additional strategies that willdination to develop
minimize conflicts between goals of the two programs. Program staffjointly developed crossadditional strategies
sections that would minimize potential conflicts. Figure 5 (at the end of the report) illustratesthat will minimize

conflicts betweenpossible strategies for levee and habitat improvements. Figures 6a through 6e (at the end ofgoals of the two pro-
the report) depict the strategies selected for furore analysis and development. Additionalgrams.
guidelines to successfully integrate habitat and levee integrity concerns are discussed below.

In general, it is desirable to provide separation of the habitat from the levee cross section. An
existing environmental baseline must be set, and all existing habitat required to meet AB360The use of setback

levees to create new
habitat goals should be relocated off the levee structural cross section where possible. Otherriparian and wetland
vegetation on the levees must not impinge on the structural levee section. The structuralhabit in areas
section is the minimum section required for levee integrity; therefore, additional materialunderlain with peat is
must be placed above and beyond the levee structural section to accommodate vegetation,not recommended
For instance, deep-rooting plants should not be allowed on levee sections unless the levee isbecause of the high

cost of building newlarger than the required stable cross section. Also, the use of setback levees to create newlevees on ~.at.riparian and wetland habitat in areas underlain with peat is not recommended because of the
high cost of building new levees on peat. Peat is generally weak and highly compressible;
therefore, levees built on peat will subside substantially and may require many years to
stabilize. Instead, maximum use will be made of in-channel islands and waterside berms for
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I such opportunities. Setback levees could be considered along the edges of the Delta where

mineral soil or thin, shallow peat layers are found.

The Levee Program seeks to minimize habitat-related conflicts with local maintenanceI Levee staff are with Restoration staff andagencies. Program working Ecosystem Program
regulatory agency staff to determine whether a tool similar to the safe harbor policy as
written in draft federal regulations can be developed as part of the CALFED conservation

I strategy. The AB 360 program has in place some "sustainable yield" routine maintenance
agreements that implement "safe-harbor"-type provisions, and the Levee Program will seek
broader application of these types of principles. Also, the inclusion of multi-use

I improvements, such as access roads or staging areas for local agencies on the levee sections,
will be encouraged where feasible. These improvements will provide local agencies
incentives to allow some vegetation growth on their levees. This coordination could benefit
both levee maintenance efforts and habitat development.

CALFED Levee Program and Ecosystem Restoration Program staff coordinate with DFG
staff, who have identified many potential restoration sites in the Delta. In addition, the Levee
Program is working to coordinate the selection of Ecosystem Restoration Program levee
habitat restoration sites with local residents who have greatest knowledge of the Delta terrain.
A small task force, including representatives of North, Central, and South Delta Water

I Agencies; the Delta Protection Commission; and the National Heritage Institute assembled
to identify attractive sites for habitat restoration. Their efforts resulted in a report titled,
"Alternative Proposals for CALFED Ecosystem Restoration Program in the Delta". Appendix

I H, "Proposals for Ecosystem Restoration," presents this report in which possible Ecosystem
Restoration Progran4Levee Program coordination sites are identified.

In addition, the Levee Program made a public outreach effort, soliciting input from localI landowners and reclamation districts in desirable sites for Restoration The levee Programidentifying Ecosystem made a public out-
Program/Levee Program coordination. Letters were sent to all Delta local agencies describingr~ach effort, soliciting
the program goals and asldng for recommended locations to create the desired habitats alonginput from local land-
the levees. The Levee Program received several responses from local agencies. Theseowners and reclama-
responses included a proposal to use the dredger cut along the San Joaquin River reach ontion districts in identi-
Webb Tract and to consider the levee on the southern edge of Faye Island for habitatfi/ing desirable sites

for Ecosystem Resto-development. The Levee Program and Ecosystem Restoration Program will consider the use    ration Program/Levee
of these sites, as well as the sites recommended by the task force for Levee ProgramiEco-Program coordinalSon.
system Restoration Program coordination.

!

!
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I
| 5. Permit Coordination

I           To ensure successful implementation of all CALFED programs, a coordinated permit process
Coordinated permit-is being established. The process will anticipate the numerous permit requirements forring will not result in

actions approved as part of CALFED. Coordinated permitting will not result in relaxation ofrelaxatSon of permit-
permitting requirements but will facilitate information sharing among regulatory agenciesring requirements but
to refine the permitting process. The permit coordination framework also would be designedwill fadiitate informa-
to address broad issues in order to improve the efficiency of such processes as general andtion sharing among

i regional permits, mitigation banks, and enhancement sites, regulatory agencies to
refine the permitting

Permit coordination for the Levee Program will be addressed under the umbrella of the    process.

I CALFED permit coordination program. CALFED has attempted to incorporate broad
stakeholder and agency input into development of that program. For example, the Levees and
Channels Technical Team, a team of agency staff and stakeholders that provides technical

I input to the Levee Program, contributed to developing the program concerning current levee
maintenance issues.

Tablel 1 identifies the Levee Program permit coordination issues that will be included in theI overall CALFED coordinated permit process.

In addition to providing input for the development of the coordinated permit process, the

I Levee Program seeks to resolve existing permit issues, where possible. A current issue ofThe ability to dredge
is important because

concern is dredge permitting. The ability to dredge is important because dredging maintainsdredging maintains
channel capacity for water supply and flood control, and dredged material is reused for leveechannel capacity for

I construction as well as to create shallow-water habitat. Historically, the process of obtainingwater supply and
permits for levee and channel work has been problematic. A lack of staff resources hasflood control, and
hindered the Regional Water Quality Control Board (RWQCB) in processing dredgingdredged material is

reused for levee con-

i permits. Processing times for individual dredge permits are long, sometimes over 1 year.struction as welt as to
Issuance of a general order for dredging by the RWQCB would greatly expedite the dredgecreate shallow-water
permit process. The RWQCB has been unable to process a general order for dredging, whichhabit.
requires an EIR, due to lack of RWQCB resources as well as lack of scientific information.,,

I This lack of scientific information also causes the RWQCB to issue individual permits more
conservatively (with greater restrictions).

i The Levee Program and CALFED upper management are developing an administrative ~i~.~
plan for CALFED to obtain a general order for WDRs that would apply to dredging and
sediment reuse in the Delta for all CALFED implementation actions. Where possible, the
Levee Program will promote opportunities for investigations, directed by federal and state
water quality decision makers such as the RWQCB, that will provide scientific background
for establishing guidelines by which maintaining agencies can dredge Delta channels. An
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Table 11. Delta Levee Program Permit Coordination Issues
1

Areas of Concern

¯ Work windows for in-channel work developed by U.S. Fish and Wildlife Service and National Marine Fisheries
Service (NMFS) as part of Section 7 federal involvement restrict and affect the maintenance of levees.

¯ Lack of real-time data prevents permit agencies from granting variances for work within the windows,
i

¯ The federal government (U.S. Environmental Protection Agency in coordination with the U.S. Army Corps of
Engineers) recently released the "Inland Waters Testing Manual," which presents testing methodologies for ¯
in-water dredged material disposal. If the federal testing standards differ from the state standards, costs may
increase due to additional testing requirements.

¯ The Regional Board requires testing of materials to be dredged, but a general order has not yet been issued.1
Uncertainty and lack of scientific information on applicable standards exist.

¯ The term "net habitat enhancement" as required by Assembly Bill 360 needs to be clearly defined.
1

¯ A clear definition of "impacting activities" is needed, and these activities need to be classified according to the
level of impact (for example, rrfinimal or substantial).

¯ Lack of agency staffing and frequent regulatory agency staff turnover hinder permit processing. 1

¯ Trust and team building are needed in permit coordination.
1

¯ The process of Endangered Species Act consultation is uncertain, including lack of NMFS/CALFED coordination,
lack of established monitoring protocols, and potential impacts caused by monitoring.

1
¯ A suite of designs for allowable in-water work and monitoring is needed. 1

¯ Upper management support and oversight of the program are needed.
¯

Avenues for Better Permit Coordination

¯ Memoranda of Understanding are desirable, such as the one between the State Lands Commission and local̄
agencies that allows the districts to conduct dredging to obtain materials for levee maintenance under certain
conditions.

¯ Multi-year and programmatic agreements are desirable.
I

¯ A system of centralized permit tracking is needed, including follow through for permit actions.

example of this is a current near-term ecosystem (Category 11I) focused grant for research
that will address sediment toxicity.

1
The Levee Program has provided input and coordinated with members of the Delta Levees
and Habitat Advisory Committee, DFG, and the near-term ecosystem restoration program ¯
in the design of this research project that will provide much-needed information regarding |sediment toxicity and develop a comprehensive strategy for Delta sediments. Also, the
Levee Program seeks to incorporate monitoring for sediment toxicity and sediment
characterization into the CMARP (see later discussion under "Monitoring and Research"). ¯
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i
I
i 6. Linkages

i Many issues and concerns overlap between the Levee Program and other CALFED
components, and between the Levee Program and ongoing programs of other agencies. TheOne issue of concern

to the Levee Program,

i Levee Program strives to identify all possible connections and areas of overlap, toas well as to numer-
coordinate with other programs to the maximum possible extent for mutual benefit, and toous agencies and
ensure that Levee Program objectives do not conflict with other programs, stakeholders, is the

need for a well-main-

i One issue of concern to the Levee Program, as well as to numerous agencies andrained common
stakeholders, is the need for a well-maintained common datum in the Delta. A groupdatum in the Delta.

composed of the U.S. Geological Survey, National Geodetic Survey, U.S. Bureau of Recla-

i mation, DWR, and others recently completed efforts to establish a set of elevations in the
Delta consistent with the National Vertical Datum (NAVD88) geodetic network for vertical
control. The network consists of 100 benchmarks spaced at approximately 7 kilometers. The

i Levee Program is seeking ways to support tie-in to the common datum by Levee Program
participants, as well as by agencies and other Delta interests.

Many linkages exist between the Levee Program and the Ecosystem Restoration Program.I As discussed the Levee seeks reduce conflict ofearlier, Program to the betweenprotection
wildlife habitat that occurs on levees and maintenance of the levees to prevent their failure.
The Levee Program and the Ecosystem Restoration Program have collaborated extensively

i to develop strategies in order to minimize potential conflicts and to identify key areas where
Ecosystem Restoration Program/Levee Program efforts can be coordinated. (For a detailed
discussion of this issue, refer to the earlier section, "Ecosystem Restoration Program/Levee

i Program Coordination".) Another area of overlap between the Levee Program and the
Ecosystem Restoration Program concerns efforts to reduce or reverse subsidence andDredge permitting is a
actions to restore habitat. Both the Delta ecosystem and levee system stability can benefitcommon area of con-

i from reducing land surface subsidence adjacent to levees. The creation of shallow-wetlandcem for several
habitat serves to reduce or reverse subsidence. CA[FED programs.

Dredge permitting is a common area of concern for the Levee Program, the EcosystemI Restoration Program, and the Water Storage and Conveyance Program. Dredge permitting
issues addressed by the Levee Program (as discussed in detail in the "Permit Coordination"
section) also affect the Ecosystem Restoration Program. The Ecosystem Restoration

i Program will require dredge permits in order to use dredged materials to create shallow- ~,~,, J
water habitat. Thus, the Levee Program’s efforts to resolve dredge permitting issues also
will benefit the Ecosystem Restoration Program.

I
i
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Water quality and water supply reliability are closely tied to the integrity of the levee
system. The consequences of a levee breach to water quality and water supply reliability canThe consequences of

a levee breach to
be catastrophic. Improvements to levee system integrity provided in the Levee Program alsowater qual~ and
serve to provide better protection for water quality and water supply reliability. Thewater supply reliability
Emergency Management and Response element of the Levee Program also will serve tocan be catastrophic.
better protect water quality and water supply reliability in the event of a levee breach by
providing for a more immediate and organized response. An area of common concern for
the Levee Program and Water Quality Program is toxicity of sediments and water quality
impacts from dredging. Research advocated by the Levee Program to resolve dredge
permitting issues also will provide useful information for the Water Quality program.

There are many significant linkages between levee system integrity and water storage andReservoir storage andconveyance. Reservoir storage and levees function as a system with regard to flood control,levees function as a
CALFED proposals for setback levees are included in the Ecosystem Restoration Program~stem with regard to
and Water Storage and Conveyance Program. Hydraulic impacts on levees caused byflood control.
construction of setback levees and other storage and conveyance modifications, such as
changed operation of flow control structures, will be examined. The hydraulic impacts of
levee maintenance and construction work included in the Levee Program will be examined
on a project-specific basis. As with the Ecosystem Restoration Program and Water Quality
Program, dredge permitting issues resolved by the Levee Program would benefit the Water
Storage and Conveyance Program. The Water Storage and Conveyance Program will require
dredge permits for dredging to increase channel capacities for conveyance and flood control.
Thus, the Levee Program’s efforts to resolve dredge permitting issue will also benefit the
Water Storage and Conveyance Program.

~
Levee system integrity also is linked to watershed management. Many proposed watershed
management actions may reduce the risk of levee failures by moving the timing, variability,Many proposed

watershed manage-
and duration of floodplain inundation and water table elevation closer to an undisturbedment actions may
condition through meadow restoration and wetland development, reduce the risk of

levee failures by
In addition to coordination with other CALFED programs, the Levee Program is worldngmoving the t~ming,

in conjunction with efforts outside CALFED, where feasible. TheLevee Program is workingvariability, and dura-
lion of floodplain

in coordination with the Corps on a "Delta Special Study" that will address rehabilitationinundation and water
and improvement of levees in the Delta. These coordination efforts could develop into atable elevation closer
long-term Delta levee reconstruction program, with cost-sharing agreements among theto an undisturbed
Corps, State, and local agencies, condition through

meadow restoration
CALFED also is coordinating with the Corps and the Board in their efforts on theand wetland develop-

ment."Sacramento-San Joaquin River Basins Comprehensive Flood Control Study" currently ,
under way. Because the comprehensive flood control study area includes major tributaries
into the Delta, CALFED actions need to be compatible with all comprehensive study
actions.

The Levee Program has been communicating with representatives of the Long-Term
Management Strategy (LTMS) Program to identify areas where coordination between the
programs would be beneficial. The LTMS Program was launched in the Bay area to identify
technically feasible and environmentally acceptable dredging and disposal options, and to
develop a research program leading to a long-term management plan for dredging and
disposal in the Bay Area. Information sharing between the two programs is beneficial in that
the programs face many similar regulatory issues. In addition, many areas of technical
information overlap, although the usefulness of the LTMS Program data to CALFED is
limited by the greater salinity of the LTMS program environment. The Levee Program also
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has considered the use of dredged materials from the LTMS Program for levee construction
and subsidence control. Currently, however, use of saline dredged material in the Delta
seems only a remote possibility.
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I
I
! 7. Adaptive Management
!
I           Adaptive management is a fundamental concept of CALFED. For the Levee Program,

A better understand-adaptive management is in part a philosophical approach toward implementing some Leveeing of Levee Program

I Program actions in that it acknowledges that a better understanding of Levee Program issu. esissues is needed to
is needed to succeed in program implementation. Adaptive management is also a structuredsucceed in program
decision-making process that includes monitoring, research, staged implementation of theimplementation.
program; a feedback process to integrate knowledge gained from monitoring and research;I flexibility to change program response to new adaptiveandthe the in information.Under
management, actions are designed, at least in part, to provide new information about the
system. Areas where the adaptive management approach will be especially useful in Levee

I Program implementation include seismic risk assessment, subsidence, and levee and
ecosystem restoration coordination. All of these issues are components of the CMARP
(refer to later discussion of the CMARP under "Monitoring and Research").

I Adaptive management also may be relevant in institutional arrangements and funding
scenarios for levee construction and maintenance. For exarnple, the Levee Program will use
information gained from observing the successes and shortcomings of the current Delta
Levee Subventions and Special Projects Programs to develop funding and administrative
scenarios for levee maintenance and construction covered under the Levee Program. As
conditions change in the Delta and more is learned about the system and how it responds

I to actions, these actions be adjusted to ensure that Levee Program objectivesprogram may
are met and the solution is durable.

!
I
I
!
I
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! 8. Monitoring and Research
!

Monitoring and research are key inputs to CALFED’s adaptive management process.
Levee Program moni-Monitoring gauges the success of individual Levee Program actions and provides feedbacktodng and research

necessary for successful Levee Program implementation. Research also will providewill be developed
information necessary for successful Levee Program implementation. Levee Programlargely within the
monitoring and research will be developed largely within the context of the CMARP, whichcontext of the
is developing a ~omprehensive monitoring, assessment, and research program for CALFEDCMARP.

whole. A of with collective technical of allas panel experts experiencerepresentative
the different elements of the Levee Program has convened to develop the Levee Program
component of the CMARP. Levee program monitoring and research under the CMARP will
address monitoring for levee cross section compliance, subsidence, seismic activity, and
success of environmental mitigation, as well as research on sediment toxicity and
characterization. The CMARP will coordinate with existing programs such as the San
Francisco Estuary Institute, Interagency Ecological Program, and LTMS to avoid
duplication in developing research and monitoring efforts, and to build on existing
monitoring and research programs where possible (for a more complete discussion of the
CMARP effort, see the CMARP document).

In addition, the Levee Program is coordinating with the current near-term ecosystem
(Category ]:II) focused grant for research that will address sediment toxicity. The Levee
Program has provided input and coordinated with members of the Delta Levees and Habitat
Advisory Committee, DFG, and the near-term ecosystem restoration program in the design
of this research project that will provide much needed information regarding sediment
toxicity and develop a Comprehensive Strategy for Delta sediments.
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I
i

.!
! 9. Cost Estimate
I I

I           The following preliminary costs include estimates for all elements of the Long-Term Levee
Protection Plan. (Refer to the "Funding" section and Appendix B, "Cost Estimate Backup

i and Report" for additional information.)

¯ 9.1 DELTA LEVEE BASE LEVEL
¯ PROTECTION PLAN

I           This estimate is for the total cost to rehabilitate and maintain project and non-project levees    The estimate assumes
in the legal Delta up to the PL 84-99 standard. The estimate assumes that majorthat major rehabilita-
rehabilitation or reconstruction work will be performed on approximately 520 of the 1,10015on or reconstruction
miles of levee in the Delta. The remaining levees are assumed to meet or exceed the PL 84-work will be per-
99 standard. Seismic stability upgrades are not included in the Base Level Protection Plan,formed on approxi-
although some minor reduction in levee fragility is expected. The estimate includes costsmately 520 of the

I for planning and construction 1,100 miles of leveeengineering design;geotechnicalanalyses; inspection;
contract administration; obtaining environmental permits and dealing with regulatory    in the Delta.
requirements; funding for the CMARP-related costs; erosion protection; environmental

I mitigation; maintenance; an overall contingency; and lands, easements, fights of way,
relocations, and disposal areas (LERRDS).

I Because unit costs of Delta levee work vary substantially, a low and high cost estimate were
provided to evaluate projects. The preliminary cost estimate to achieve the base level
protection ranges from $600 to $1,300 million.

!
9.1.1 ASSUMPTIONS:

i
The estimate assumes that:

* A majority of the design, construction, and fight-of-way acquisition will be
accomplished with local resources.

i ¯ Local borrow is readily available on the islands and beneficial reuse of dredged
materials will be maximized where economically feasible.
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9.2 DELTA LEVEE SPECIAL
IMPROVEMENT PROJECTS

The preliminary cost estimate to add Special Improvement Projects is $360 million. The
Special Improvementestimate is based on DWR Central District’s request for approximately $12 to $15 millionProjects could include

a year to support Special Projects. Central District has been requested to provide additionalseismic stability up-
information on scope, schedule, and costs. Special Improvement Projects could includegrades to selected
seismic stability upgrades to selected levees, levees.

9.2.1 ASSUMPTIONS:

The estimate assumes that:

¯ Special improvement projects will enhance the base level flood control
improvements.

¯ A majority of the design, construction, and right-of-way acquisition will be
accomplished with local resources.

¯ Local borrow is readily available on the islands.

¯ Beneficial reuse of dredged materials will be maximized.

9.3 DELTA LEVEE SUBSIDENCE
CONTROL

The primary cost estimate for subsidence control and management is $70 million.
I

9.3.1 ASSUMPTIONS:
I

The estimate assumes that:
II

¯ Subsidence projects will be directed at control and management of subsidence as 1
it affects levee system integrity.

1

¯ Subsidence control measures will be incorporated with base level and Special 1
Improvement Projects to upgrade levees.

¯ A majority of the design, construction, and right-of-way acquisition will be 1
accomplished with local resources.

¯ Local borrow is readily available on the islands. ~

~ ~ Long-Term Levee Protection Plan I~Y-DELTA
~ n~oc, uu 9-2 June 1999

I
C--0201 48

(3-020150



Beneficial reuse of dredged materials will be maximized where economically
feasible.

I 9.4 DELTA LEVEE EMERGENCY
MANAGEMENT AND RESPONSE PLAN

I
The preliminary cost estimate for the Emergency Management and Response element is

I $68 million.

i 9.4.1 ASSUMPTIONS:

The estimate assumes that:

I The estimate assumes¯ Emergency management and response will be accomplished through existingthat emergency man-
programs, agement and

response will be
¯ A $10 million emergency response fund will be established and maintained,accomplished through

existing programs.

l 9.5 DELTA LEVEE SEISMIC RISK
ASSESSMENTI

The preliminary cost estimate for continuing the Seismic Risk Assessment element is $5

I million.

I 9.5.1 ASSUMPTIONS."

The estimate assumes that:
I

DWR will continue to lead the evaluation of seismic risk. DWR will continue to
lead the evaluation ofI ¯ Projects and research will include updates to area seismicity, evaluation of groundseismic risk.

motion response, determination of soil parameters, and continuous site monitoring.

1
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10. Funding

Program funding model must be consistent with the CALFED benefits-based
aT~p;rLo2~; A funding model thatfunding. The benefits of improved Delta levee system integrity include greaterincludes federal,protection to Delta agricultural resources, municipalities, infrastructure, wildlife habitat, andstate, and local cont,-
water quality as well as navigation and flood control benefits. A funding model that includesbutions allows costs
federal, state, and local contributions allows costs to be shared by all beneficiaries,to be shared by ~11

beneficiaries.
The outlined herein those recommended to CALFEDproposedfundingprovisions age by
the CALFED Levees and Channels Technical Team. CALFED staff will use this recom-
mendation to prepare a benefits-based funding recommendation for approval by the
CALFED Policy Group.

The Long-Term Levee Protection Plan will be implemented over a 20- to 30-year period,
at an estimated cost of $1.5 billion (1998 $). This cost is based on the detailed cost estimate
for the Base Level Protection Element provided in Appendix B, "Cost Estimate Backup and
Report," and cost estimates for all program elements discussed in the "Cost Estimate"
section. Based on the current estimate, the funding in 1998 dollars will be approximately
distributed as follows:

Base Level Protection $1,000 million
Special Improvements Projects 360 million
Subsidence Control 70 million
Emergency Management and Response 68 million
Seismic Risk Assessment $ 5 million

$1,503 million

This funding does not include any funds required to implement the CMARP Program. The
following problems related to funding the existing levee program will be addressed by theReliable near- and

Lev e Program: paramount to the
success of the Levee

Funding for levee work is insufficient and inconsistent. Reimbursement to local Program.
agencies often is delayed, made at an insufficient rote, or not made at all--leaving
bank loans, engineers, and contractors unpaid.

Many local agencies cannot afford their share of costs under the current cost-
sharing arrangements for levee work, much less the additional financial burden of
proposed levee upgrades.

~ ~
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¯
Reliable near- and long-term funding is paramount to the success of the Levee Program.

1Lack of adequate funding for levee maintenance and construction will impede the success
of the Base Level Protection Plan and other elements of the Levee Program. For example,
the success of the emergency response component of the program partially depends on the ¯
existence of an industry in the Delta to provide needed equipment for emergency response.
It is assumed that continued funding for the Levee Program will recreate such an industry
in the Delta so that these resources will be readily available when needed.

1
The Levee Program will obtain long-term federal and state funding authority, and develop
appropriate cost-sharing scenarios between state, federal, and other interests. In developing 1
funding models, the Levee Program wil! build on the strengths of, and seek continuity with,
existing funding programs such as the Subventions Program and Special Projects Program.
In addition, the Levee Program will seek to resolve problems in current funding strategies 1
andidentify mechanisms that best secure long-term funding. ¯

Under the existing state levee programs, local agencies have financed projects in
anticipation of reimbursements. The Subventions Program annually administers available
funds, distributing funds on an equaI basis to all participants in accordance with funding
priorities approved by the Board. Each fiscal year, local agencies are notified of the
available funding but cannot be sure what their final reimbursement will be until all claims ¯
are received and processed.

The uncertainty and time lag from work performance to reimbursement poses financial ¯difficulties for many local agencies, as most districts lack the financial resources to provideThe uncertainty and
time tag from work

funds up-front for an extended period. In some cases, the agencies incur high debt serviceperformance to reim-
charges or must delay payments to contractors. Consequently, contractors’ reluctance tobursement poses
perform levee work drives up costs, financial difficulties ¯

for many local

The Special Projects Program receives applications and enters into agreements withagencies, as most
districts lack theparticipants to fund specific projects. Projects eligible for funding must be in accordancefinancial resources to 1

with priorities approved by the California Water Commission. Once projects are deemedprovide funds up-
eligible, agreements are executed and local agencies can receive timely payments as workfront for an extended
progresses. The lack of adequate and consistent appropriations in the Subventions andperiod.
Special Projects Programs poses a challenge for local agencies to complete planned’ 1
maintenance and rehabilitation projects.

Additionally, many districts have experienced difficulty in rebounding from the long-term Ifinancial debt that was incurred while they waited for resolution of the 1980-1986 state and
federal disaster assistance claims. The more recent 1995, 1997, and 1998 floods also have
strained local financial resources. The overall fmancial health of these local agencies has ¯
significantly affected their ability to maintain their levee systems and limited their ability
to upgrade their levees to a long-term levee standard. ,
Any of these funding issues can deter performance of adequate levee work. Therefore, theThe Levee ProgramLevee Program will seek a means to provide up-front state and federal conwibutions forwill seek a means to
levee work. Adequate funding will enable districts to plan and finance their work withprovide up-front state ¯
greater certainty of reimbursement. The Levee Program will work in conjunction with otherand federal contribu-
programs to negotiate mutually beneficial funding arrangements. For instance, California15ons for levee work.
Water Code Section 12995 indicates a federal interest in Delta levee rehabilitation due to
benefitstonavigation, and the environment and increased flood control. ¯commerce,
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I The following principles also will guide development of Levee Program funding:

¯ Local agencies will provide LERRDS. Use of local sources is cost effective and

I allows maintenance work to proceed more smoothly. Local agencies will continue
to ensure that costs are distributed equitably among their members.

¯ The Ecosystem Restoration Program will provide funds for net habitat enhancementI requirements under current statutes, and the Levee Program will fund all mitigation
necessary for levee construction.

I ¯ Funds for any necessary mitigation for levee construction work are included in the
overall cost for the Levee Program. Federal, state, and local cost-sharing
percentages include mitigation costs.

I ¯ The Levee Program will pursue long-term authority for state and federal funding
for these cost-sharing scenarios. This will involve amending the sections of the

I California Water Code that pertain to Delta levee maintenance and construction
funding. The Levee Program also will seek a mechanism to provide up-front
funding to the local agencies.

1 10.1 DELTA LEVEE BASE LEVEL
¯ PROTECTION PLAN FUNDING
¯

I 10.1.1 CURRENT FUNDING PROVISIONS

As discussed earlier, current programs that fund levee maintenance and construction often

l are insufficient or inconsistent. Many Delta interests cannot afford their share of costs underNany Delta interests
cannot afford their

the current programs, much less the additional financial burden of proposed levee upgrades,share of costs under
Problems with current funding provisions are discussed under "Delta Levee Systemthe current programs,

I Integrity-Problem Statements." much less the addi-
tional financial burden

Levee work is currently funded up front by the local agencies and reimbursed up to 75% byof proposed levee

I the State through DWR under the Subventions Program. California Water Code Sectionupgrades.

12300 authorizes $6 million a year to be appropriated to the Delta Flood Protection Fund
from the California Water Fund for the Subventions Program until July 1, 2006.
Historically, less has been appropriated yearly. No funds are currently appropriated for theI June 30, 1999.programpast

I 10.1.2 PROPOSED FUNDING PROVISIONS

The Base Level Protection element will incorporate the levees currently covered under the
existing Subventions Program. Proposed cost sharing for the Base Level Component will
be 65% federal/25% state/and 10% local for construction to PL 84-99. Local agencies can
contribute LERRDs toward their 10% share. Planning costs will be cost shared at
50% federal/25% state/25% local. Funding for maintenance will be provided 100% by the
local agencies up to $1,000 per mile of levee improvement. Costs above $1,000 per mile of

I
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levee improvement will be cost-shared 65% federal/25% state/and 10% local, and will be ¯
considered reconstruction. Summaries of cost sharing and approximate state, federal, and
local dollar contributions for the Base Level Protection element are included in Tables 12
and 13.

I
Table 12. Proposed Levee Program 7-Year Cost Sharing

Base Level Protection Special Projects Emergency ¯
Plan Funding/Year= Funding/Year= Responsed

Sub- Sub- Sub- Total ¯
Year(s) Fed State Userb total Fed State Userb total Fed State Userb total Funding I

1 5 3 2 10 7 5 0 12 5 5 1 11 33
2 6 3 2 11 7 5 0 12 1 1 1 3 26 ¯

~3 7 4 2 13 7 5 0 12 1 1 1 3 28

4 9 5 3 17 7 5 0 12 1 1 1 3 32

5 11 5 4 20 7 5 0 12 1 1 1 3 35 ¯
,I, 6 22 11 7 40 7 5 0 12 1 1 1 3 55

7 2._~2 1..j.1 7 40 7 5 0 12 _.1 _.1 1 3 5..~5

Totals 82 42 27 151 49 35 0 84 11 11 7 29 264

Notes:

Funding in millions (1998 $). Totals are rounded to the nearest million.
I

= Includes subsidence control funding.
b User to provide lands, easements, rights-of-way, relocations, and disposal areas. ¯c Includes Levee Risk Assessment.
d Includes $10 million first-year start-up costs.

I10.2 DELTA LEVEE SPECIAL
IMPROVEMENT PROJECT FUNDING ¯

10.2.1 CURRENT FUNDING PROVISIONS

Problems with current funding provisions are similar to those described for the Base Level
Protection element.

Cost-sharing percentages under the existing SpeciM Projects Program vary from 75 to 100%
state funds, depending on "ability-to-pay" analysis completed for each participating local
agency. Although no federal cost-sharing agreements exist for the Special Projects Program,
the California Water Code encourages DWR to seek cost sharing with, or financi!l
assistance from, federal agencies with programs applicable to or an interest in flood
protection projects. California Water Code Section 12300 authorizes $6 million a year to
be appropriated to the Delta Flood Protection Fund from the California Water Fund for the
Special Projects Program until July 1, 2006. Historically, less has been appropriated yearly.
As with the Base Level Protection element, no funds are currently appropriated for the
program past June 30, 1999.

~
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Table 13. Levee System Integrity Program Proposed Cost Sharing

Program Action Federal State User ¯

Base Level Protection and Subsidence Control
Planning b 50% 25% 25
Construction c 65% 25% 10%
Maintenance 0% 0% All costs (up to $1,000/mile)

Special Improvement Projects
Plarming b 50% 50% To be determined

Construction c 65% 35% To be determined
Maintenance d 0% 100% To be determined

Emergency Management and Response
First response 0% 0% 100% (exhaust resources)
Secondary response 50% 50% LERRDs

Notes:

LERRD = Lands, easements, right-of-way, relocations, and disposal areas.

S̄ubject to an "ability to pay analysis."
b Planning includes feasibility studies, environmental documentation, and obtaining permits.
c Construction is defined as eligible levee work above $1,000/mile.
d Maintenance includes routine preventative actions up to $1,000/mile.

I 10.2.2 PROPOSED FUNDING PROVISIONS

The Special Improvements Project element will adopt the goals of the existing Special
Projects Program. Funding for this element of the Levee Program will be cost shared at 65%
federal/35% state. The State wi!l seek a local cost-sharing partner. If a local cost-sharing
partner is found, the cost-sharing will be the same as that for the Base Level Protection
Element. Summaries of cost sharing and approximate state, federal, and local dollar
contributions for the Special Projects Program are shown in Tables 12 and 13.

10.3 DELTA LEVEE SUBSIDENCE
CONTROL PLAN FUNDING

I 10.3.1 CURRENT FUNDING PROVISIONS

i No existing formal separate program provides funding for subsidence; however, subsidence
research currently is funded under the existing Special Projects Program.
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10.3.2 PROPOSED FUNDING PROVISIONS I

¯
Funding for the Subsidence Control element of the Levee Program will be cost shared at ¯
65% federal/25% state/and 10% local. Local agencies will contribute necessary LERRDS
in addition to the 10% share. Summaries of cost sharing and approximate state, federal, and
local dollar contributions for the Subsidence Control Program are shown in Tables 12 and l
13.

10.4 DELTA LEVEE EMERGENCY
MANAGEMENT AND RESPONSE PLAN
FUNDING

10.4.1 CURRENT FUNDING PROVISIONS

No existing formal program provides funding for initial emergency response, which is
No existing formalprovided by local resources. The State provides assistance and funding when local resourcesprogram provides

are exhausted. If the governor declares an emergency and requests emergency assistance,funding for initial
federally funded emergency assistance is provided, emergency response,

which is provided by
local resources.

10.4.2 PROPOSED FUNDING PROVISIONS

Funds for the Emergency Management and Response element will be provided 100% by
local interests for initial response. After local resources have been exhausted, secondary
response funds will be cost shared at 50% federal/50% state. After the established State
funds are exhausted, funding will be 100% federal. First-year start-up costs to establish a
$10 million Emergency Response Fund will be cost shared at 50% federal/50% state. After
the Emergency Response Fund is exhausted, the Federal Government will provide funds
through the Corps. Local agencies will contribute any necessary LERRDS. Summaries of
cost-sharing and approximate state, federal, and user dollar contributions for the Emergency
response element are shown in Tables 12 and 13. The user contribution assumes that the
annual initial response is $1 million.

10.5 DELTA LEVEE RISK ASSESSMENT
FUNDING

10.5.1 CURRENT FUNDING PROVISIONS I

DWR currently funds a Seismic Stability Evaluation for Delta levees. I
~ C812ED Long-Term Levee Protection Plan
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!
10.5.2 PROPOSED FUNDING PROVISIONS

i CALFED has expanded the scope of this element to include all major risks, not only seismic
risks. CALFED will use existing planning funds to develop this Risk Assessment and Risk CALFED has expanded

the scope of thisManagement Strategy, which is considered a necessary part of CALFED’s overall program element to include alldevelopment, major dsks, not only
seismic dsks.

I
I
I
I
!
I
I
I
I
I
I

.~1
I
I
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i
I
!
I 11. Stakeholder/Science
I Review

I
Implementation of the Levee Program wil! require regular input from stakeholders, the    Implementation of the

I technical community, and the public. A Levee Program Coordination Group would beLevee Program
require regular input

formed to coordinate technical and non-technical issues with between the CALFEDfrom stakeholders,
Advisory Council and the CALFED Policy Group. The Group would also will coordinatethe techniczl com-
levee actions with all other CALFED actions. The composition of the Group is illustratedmunity, and the
in Table 14. public.

Table 14. and Roles of the Levee CoordinationComposition Program Group

CALFED

I Staff/Agency’/Stakeholder Role

Staff
Levee Program Chair meetings, coordinate: funding, permits, pohcy, project priorities,

conflict resolution, and project performance; report to Policy Group

Ecosystem Restoration Program Coordinate Ecosystem Restoration Program actions with levee and
conveyance actions

Conveyance Coordinate conveyance actions with Levee and Ecosystem Restoration
Program actions

Comprehensive Monitoring, Coordinate CMAR.P levee actions with other CMARP actions
Assessment, and Research Program

Agency
California Department of Fish and Coordinate DFG permits and levee maintenance agreements
Game (DFG)

U.S. Fish and Wildlife Service Coordinate USFWS permits and levee maintenance agreements
(USFWS)

~ ~ Long-Term Levee Protection Plan
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Table 14. Composition and Roles of the Levee Program Coordination Group ¯
(continued)

CALFED
Staff/Agency/Stakeholder Role

Agency (continued)
National Marine Fisheries Service Coordinate NMFS permits ¯
(NMI:S)

Central Valley Regional Water Coordinate water quality certification for dredging and water-side work ¯
Quality Control Board
(CVRWQCB)

California Department of Water Represent the Reclamation Board, coordinate Levee Program
Resources (DWR) administration

DWR Coordinate Comprehensive Study
1

DWR Represent DWR, coordinate emergency response actions

U.S. Army Corps of Engineers Represent the Corps on non-regulatory implementation issues 1
(Corps)

Corps Coordinate Comprehensive Study
1

Corps Coordinate Corps permits for dredging, beneficial reuse, and levee work

Delta Protection Commission (DPC)Coordinate Levee Program actions with DPC Delta Resources 1
Management Plan

Stakeholder

IEnvironmental Coordinate Levee Program actions with environmental interests
concerns

Water exporters - State Water Coordinate Levee Program actions with SW’P contractors concerns
Project (SWP)

Water exporters - Central Valley Coordinate Levee Program actions with CVP contractors concerns ¯
Project (CVP)

Delta interests - North Delta Water Coordinate Levee Program actions with in-Delta water user concerns
Agency (’NDWA)

I

Delta interests - Central Delta WaterCoordinate Levee Program actions with in-Delta water user concerns
Agency (CDWA)

I
Delta interests - South Delta Water Coordinate Levee Program actions with in-Delta water user concerns
Agency (SDWA)

I
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I
!
I
! 12. Implementation Strategy
!

The Levee Program objective is to reduce the risk to land use and associated economic
The vulnerability ofactivities, water supply, infrastructure, and the ecosystem from catastrophic breaching ofthe levee system to

~ ¯
Delta levees. The vulnerability of the levee system to both static and dynamic failure canboth static and dy-
be reduced by implementing an integrated and comprehensive management program fornamic failure can be
levees, reduced by imple-

menting an integrated

I Implementation objectives, targets, and actions for the individual Levee Program elementsand comprehensive
management programare presented in Tables 2, 4, 6, 7, and 8. for levees.

I Staged implementation and staged decision making will be part of the implementation
strategy as they support the adaptive management process (refer to the discussion under
"Adaptive Management"). The program will be implemented in stages according to major

I program milestones. Stage 1 is 7 years long, will start in 2000, and includes the following
actions:

i 1. Develop and implement an outreach, coordination, and partnering program with
local landowners, including individuals, local agencies, resource conservation
districts, water authorities, irrigation districts, farm bureaus, and other local
agencies to ensure local participation in planning design, implementation, andI management projects. (Year .)of levee 1

2. Obtain short-term federal and state funding authority as a bridge between the
existing Delta Flood Protection Authority (AB 360) and long-term levee funding.
(Years 1-5.)

i 3. Obtain long-term federal and state funding authority (e.g., the Corps’ current "Delta
Special Study" could develop into a long-term Delta levee reconstruction program
and the State would be the local cost-sharing partner). (Years 1-7.)

i 4. Conductproject level environmental documentation and obtain appropriate permits
for each bundle (package) of Stage 1 actions. (Years 1-7.)

5. Implement demonstration projects for levee designs that minimize the need for
continuous disruption of habitat from levee maintenance and minimize the need for
ongoing mitigation from disrupted habitat. (Years 1-7.)

i             6. Coordinate Delta levee improvements with ecosystem restoration improvements
(e.g., coordinate improvements, modify maintenance manuals as appropriate to

i
~ ~
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I
accommodate Ecosystem Restoration Program actions near levees, and separately ¯
gack levee mitigation costs and Ecosystem Restoration Program costs). (Years 1-7.)

7. Fund levee improvements up to the PL 84-99 standard, approximately $151 million
($71 million during Years !-5 and $80 million during Years 6-7) in Stage 1 (e.g., ¯
proportionally distribute available funds to entities making application for cost
sharing of Delta levee improvements). (Years 1-7.)

8. Further improve levees with significant statewide benefits, approximately $84
million ($60 million during years !-5 and $24 million during Years 6-7) in Stage 1
(e.g., improve levees with statewide benefits to ecosystem, water supply, economy, ¯
water quality, and infrastructure). (Years 1-7.)

9. Coordinate Delta levee improvements with Stage 1 water conveyance ¯
improvements and with potential conveyance improvements in subsequent stages. |
(Years 1-7.)

I0. Enhance existing emergency response plans, approximately $29 million in Stage I I
(e.g., establish a $10 million revolving fund, continue to refine command and
control protocol, stockpile flood-fighting supplies, establish we-negotiated
contracts for flood-fighting and recovery operations, and outline environmental
considerations during an emergency). (Years 1-7.)

11. Implement current BMPs to correct subsidence effects on levees. Develop and ¯
implement BMPs to facilitate CALFED objectives. Assist CMARP activities to
quantify the effect and extent of inner-island subsidence and its linkages to all
CALFED objectives. (Years 1-7.)

12. Complete total risk assessment for Delta levees and develop and begin
implementation of risk management options as appropriate to mitigate potential
consequences. (Years 1-7.) Available CALFED risk management options may 1
include:

¯ Improving emergency response capabilities,
¯ Developing storage south of the Delta,
¯ Reducing the fragility of the levees,
* Improving through-Delta conveyance,
¯ Releasing more water stored north of the Delta,
¯ Restoring tidal wetlands,
¯ Controlling and reversing island subsidence,
¯ Curtailing Delta diversions,
¯ Continuing to monitor and analyze total risk, and
¯ Constructing an isolated facility.

Knowledge gained from monitoring and research will be incorporated into stagedKnowledge gained
from monitoring and

implementation and decision making through a feedback process as part of adaptiveresearch will be incor-
management. The CMARP will play a key role in the adaptive management approach toporated into staged
Levee Program implementation, implementation and

decision making
through a feedback
process as part of
adaptive manage-
ment.
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I
I Other key points for Levee Program implementation include:

¯ The Levee Program will need to coordinate and provide a reliable funding source

i for the planning, regulatory, and permitting processes that affect the levee system.

¯ The Levee Program will be built on a foundation of existing state, federal, and local
laws and agency programs. The Levee Program will supplement and improve these

i existing programs, eliminate deficiencies, and enhance opportunities to improve
levee system integrity.

I ¯ In keeping with CALFED’s commitment to concurrently make broad improvementsEvery effort will bein many areas, every effort will be made to integrate Levee Program actions in suchmade to integrate
a way as to provide opportunities for resolution of multiple problems in the DeltaLevee Program
and to coordinate Levee Program actions with other CALFED actions. Leveeactions in such a way
improvements will be coordinated with ecosystem restoration and conveyanceas to provide oppor-
improvements to protect existing Delta characteristics and processes, tunities for resolution

of multiple problems
¯ The Levee will seek reduce conflicts where in the Oelt~ and toProgram to possible. coordinate Levee

Program actions with
¯ Implementation of Stage 1 actions is contingent on successful completion of    other CALFED actions.

I appropriate environmental documentation.

I
I
I
I
I
I
I
!
I
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!
! 1 3. Suisun Marsh Levee
| System

CALFED has added the Suisun Marsh levee system to the Levee Program as an optional
strategy to achieve its ecosystem quality, water supply reliability, and water quality
objectives. Efforts to clarify linkages of these actions to the CALFED objectives are
ongoing.

Ensuring the integrity of the exterior levees in the Suisun Marsh is critical to sustaining
seasonal wetland values provided by the marsh’s managed wetlands. Improved levees would
ensure that conversion to tidal wetlands will not be due to levee failure but instead will be
planned with consideration of landowner support Ecosystem Restoration Program targets,
regional wetland goals, endangered species recovery plans, and Delta water quality

Continued manage-objectives.
ment of the Suisun
Marsh for waterfowl

13.1 INTRODUCTION an~ides recrea~onalis threatenedaddV-by
periodic flooding and
the problem of main-

The Suisun Marsh consists of approximately 57,000 acres ofmarshland and 27,000 acres taining a pro~r salt
of’bays and waterways. Waterways include a network of tidal sloughs, principally tributariesbalance.
of Suisun and Montezuma Sloughs, together with many drainage sloughs. Major streams
carrying runoff from surrounding hills and floodplains include Green Valley, Suisun,
Ledgewood, Laurel, McCoy, Union, and Denverton Creeks.

The Suisun Marsh is one of the few major marshes remaining in California and furnishes
habitat for and animals. The Suisun Marsh waterfowla varietyof plants principalservesasa
wintering area and also is highly valued for fishing and recreation. Despite reclamation
improvements in the late 1800s and early 1900s, agricultural development in the Suisun
Marsh has been largely unsuccessful due to poor drainage and salt accumulation in the soil.
Limited cattle production and dry farming of grain crops occurs today where suitable soils
exist. For the most part, however, the marshlands have been converted to private duck clubs
and state wildlife management areas. Continued management of the Suisun Marsh for
waterfowl and recreational activities is threatened by periodic flooding and the problem of
maintaining a proper salt balance.

The Suisun Marsh is an area of regional and national importance, providing a broad army
of benefits that include recreation use and fish and wildlife habitat. The Suisun Marsh’s

~ ~
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!
approximately 229 miles of exterior levees are an integral part of its landscape and are key ¯
to preserving the Suisun Marsh’s physical characteristics and processes.

The focus of the Suisun Marsh component of the Levee Program is to provide long-term
protection for multiple Suisun Marsh resources by maintaining and improving the integrity ¯
of the Suisun Marsh levee system. The Suisun Marsh component of the Levee Program
focuses on the legally defined Suisun Marsh.

!
13.2 BACKGROUND INFORMATION                      1

Most of the Suisun Marsh land surface elevations are below sea level. Suisun Marsh levees
Most of the Suisunare vulnerable to failure, especially during floods, because of poor levee construction andMarsh land surface    ¯

inadequate maintenance, elevations are below
sea level. Suisun

A chronological summary of reclamation and water management activities that influencedMarsh levees are vul-̄
the current Suisun Marsh is provided in Table 15. AB 360 currently includes only selectednerable to failure, 1exterior levees in the Suisun Marsh. especially during

floods, because of
poor levee construc-

1Inundation of one or more islands in the Suisun Marsh can disrupt wildlife habitat and othertion and inadequate¯land uses either permanently or unti! repairs can be made. Inundation of roads, electricmaintenance.
power lines, telephone lines, gas mains, and other infrastructure can cause lengthy delays
in service. Several Suisun Marsh roads run along levees that are vulnerable to collapse due ¯
to erosion or overtopping. Ira flooded island is not repaired and drained, the resulting large
body of open water can expose adjacent islands to increased wave action and additional
seepage.

I

Table 15. Chronological Summary of Events Important to the Suisun Marsh !
Time Event

1850s Settlers began to build low sod levees to "reclaim" tidal wetlands in the Suisun Marsh for l
agricultural uses.

1860s Levee construction increased and over 20 reclamation districts were formed in the Suisun
Marsh.

I
1930 By this date, approximately 44,600 acres of tidal wetlands had been converted to commercial

agricultural purposes in the Suisun Marsh.

1950s By this date, the majority of the diked lands in the Suisun Marsh had been converted from l
agriculture to seasonal managed wetlands and duck clubs.

1972 Passage of the Federal Coastal Zone Management Act. l
¯1977 Passage of the Suisun Marsh Preservation Act triggered a series of actions to more aggressively

protect the Suisun Marsh and its fish and wildlife values.

!
Preliminary modeling studies of the Suisun Marsh indicate that levee failure in the Suisun

refmed.Marsh may affect western Delta channel water quality. Modeling studies currently are being I
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I
I 13.3 COST ESTIMATE

I Most of the Suisun Marsh lies at a level near or below mean tide elevation. To protect
Approximately90%ofmarshland from uncontrolled tidal inundation and flooding, levees have been added over thethe marshland now is

years to supplement the natural levees throughout the Suisun Marsh. Approximately 90%enclosed by a system

i of the marshland now is enclosed by a system of low levees, ranging in height from 4 to 8of low levees, ranging
feet above ground level. This system of levees is critical to the management of water qualityin height from 4 to 8
and waterfowl habitat in the Suisun Marsh. feet above ground

level. This system of

I To prepare estimates, the levee classification strategy developed by Ramlit (1983) was used.levees is critical to the
management of water

This report is entitled "Suisun Marsh Levee Evaluation" and was submitted to the Corps,quality and waterfowl
San Francisco District in February 1983. The levee types and classes used in the followinghabitat in the Suisun
discussion are based on the Ramlit evaluation. Levees were identified according to adjacentMarsh.
waterways and grouped in the following classes:

¯ Class I. Nine exterior levees protecting all islands and along primary sloughs
(Montezuma, Suisun, and Nurse).

¯ Class II. Exterior levees along all secondary sloughs (Goodyear, Cordelia, and Hill).

¯ Class HI. Dead-end sloughs (Wells, Sheldrake, and Boynton).

Levees also were classified based on the extent of the repairs that would be needed to bring
them to Suisun Resource Conservation District (SRCD) standards. Type A levees required
the most significant reconstruction effort and could entail the use of imported fill and
phased construction. Type D levees would require only limited amounts of repair.
Approximately one-third of the Suisun Marsh levees were classified as Type A levees.

The following preliminary cost estimates are for the Suisun Marsh Levee Base Level
Protection Plan and the Suisun Marsh Levee Special Improvement Projects Plan without
Ecosystem Restoration Program Plan actions.

The estimate is for the total cost to reconstruct Class I A, B, C, and D, and Class II A andThe e~mateB levees in the Suisun Marsh up to the SRCD standard. This estimate assumes work will beassumes work will be
pe~ormed on approximately 155 of the 229 miles of levee in the Suisun Marsh. The performed on approx-
estimate includes costs for design, construction, and LERRDS. imately 155 of the

229 miles of levee in
Methods to prepare the cost estimates focused primarily on the unit costs estimated bythe Suisun Marsh.
Rarnlit (1983). Those costs were updated using indices from the Engineering News Record
to account for inflation and construction cost increases. Tables 17 and 18 in the Ramlit
evaluation were used to calculate the cost estimates for the Suisun Marsh Levee Base Level
Protection Plan and Suisun Marsh Levee Special Improvement Projects Plan.

A summary of rehabilitation costs by general waterway classes is given in Table 17. Levees
along Class I waterways represent the bulk of the total estimated repair cost (71%). Repair
costs for levees Class II and HI amount to 18% to 11% of theon waterways respectively
total.

Tablel 8 provides a breakdown of estimated costs according to the five general levee types.
The percentage of total rehabilitation costs attributable to each levee type are as follows:
Type A - 36%; Type B - 8%; Type C - 50%; and Type D - 6%.

~ ~
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The preliminary cost estimate for rehabilitating 155 miles of levees in the Suisun Marsh is ¯
estimated at $60 million (all costs are at March 1998 price level).

13.4 ANNUAL MAINTENANCE I

The preliminary cost estimate for annual maintenance costs for the 229 miles of exterior
levees was computed at approximately $350,000.

13.5 ASSUMPTIONS

The estimate assumes that:

¯ Quantities are based on a "typical" levee section for existing levees and proposed
levee improvement cross sections.

¯ A majority of the design, construction, and right-of-way acquisition will be
accomplished with local resources.

¯ Beneficial reuse of dredged materials will be maximized.

These estimates are preliminary, and are being developed and evaluated at a programmatic
These estimates arelevel. CALFED staffis continuing to refme these costs. More focused analysis and detailedpreliminary, and are

estimates will occur in subsequent refinement efforts, being developed and
evaluated at a pro-
gramrnatic level.

13.6 FUNDING

Under the proposed program for the Suisun Marsh, funding would be provided and ¯
equitably distributed to federal and state governments, and participating local agencies or
public wetland managers such as DFG.

I

Long-Term Levee Protection Plan I

13-4
June 1999

1
C--0201 68

(3-020170





Figure 5

Possible Strategies for Levee and Habitat Improvements
Page 1 of ~1
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Table 1. Chronological Summary of Events Important to the Delta

Year                                           Activity
The following reclamation, water management, and legislative activities greatly influenced and shaped the
current Delta system of waterways and islands:

1849 Settlers began arriving in the Delta to farm its rich soils. The majority of the Delta was marsh land
prior to subsequent reclamation and conversion to agricultural lands.

1850 Congress passed the Federal Swamp and Overflow Act, which provided for the title of wetlands to be
transferred from the federal government to the states.

1861 The California Legislature authorized the State Reclamation District Act. As a result of state and
federal legislation, swamp and overflow land was sold and reclaimed for agricultural use by
construction of levees. The Delta was transformed from a large tidal marsh to a system of improved
chanaaels and levees by the early 1900s.

1880 By now most of the Delta has been reclaimed.

1884 Discharge of hydraulic mining debris into California rivers declared illegal.

1902 Congress passed the Reclamation Act for development of irrigated lands in the western United States.

1911 The Reclamation Board was created by the California Legislature.

Congress authorized the Central Valley Water Project (CVP).
1933

The Stockton Deep Water Ship Channel, which extends from the confluence of the Sacramento and
San Joaquin Rivers to the City of Stockton, was completed.

1940 The Contra Costa Canal, which exports water from the south Delta to the Bay Area, was completed.
This was the first unit of the CVP that used existing channels to convey water through the Delta for
export.

1944 Shasta Dam and Reservoir, a key feature of the CV’P used to capture and store water, was completed.
This project provided additional water to Delta channels during low-flow periods.

1951 The Delta-Mendota Canal, which exports water from the Delta via the Tracy Pumping Plant to the
San-Joaquin Valley, was completed. This unit of the CVP increases exports from the Delta.

The Delta Cross Charmel, which aids transfer of water from the Sacramento River across the Delta to
Tracy Pumping Plant, was completed.the

1959 The Delta Protection Act was enacted by the California Legislature to protect, conserve, develop,
control, and use the waters of the Delta for the public good.

1960 Voters approved the State Water Resources Development Bond Act (also known as the Bums-Porter
Act) to help finance the initial facilities of the State Water Project (SWP). These facilities included
master levees, control structures, channel improvements, and appurtenant facilities in the Delta that
are used for water conservation, water supply in the Delta, transferring water across the Delta, and
flood and salinity control.

The Sacramento River Flood Control Project, authorized by Congress, was completed by the U.S.
Army Corps of Engineers. This project incorporated and improved certain Delta levees to provide
improved flood control for a portion of the Delta. These levees are commonly referred to as "project"
levees.
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Table 1. Chronological Summary of Events Important to the Delta
(Continued)

Year Activity

1963 The Sacramento Deep Water Ship Channel, which extends from the confluence of the Sacramento and
San Joaquin Rivers, was completed.

1967 Oroville Dam and Reservoir, which provides increased channel flows during low-flow periods, was
completed. This is a key feature of the SWP and includes the Feather River Fish Hatchery to replace
spawning areas lost as a result of the dam.

The ftrst stage of the Harvey O. Banks Delta Pumping Plant, another unit of the SWP, was completed
along with the John E. Skinner Fish Facility. Diversions began from the Delta to the California and
South Bay Aqueducts of the SWP.

Construction of Clifton Court Forebay located in the south Delta began. This unit of the SWP
facilitates export of water from the Delta.

1971 The State Water Resources Control Board adopted Delta Water Rights Decision I379, establishing
Delta water quality standards to be met by the CV’P and SWP.

1973 The California Legislature recognized that the Delta levee system benefits many segments and
interests of the public and approved a plan to preserve the Delta levee system. The Delta Levee
Maintenance Subvention Program (Senate Bill [SB] 541) was enacted to provide state funding and
technical assistance for maintenance and rehabilitation of non-project Delta levees.

1976 The California Legislature adopted a conceptual plan for improvement of Delta levees (the Nejedly-
Mobley Delta Levees Act). The plan for improvement of the Delta levees, as set forth in California
Department of Water Resources (DWR) Bulletin No. 192, dated May 1975, was approved as the
conceptual plan to guide the formulation of projects in order to preserve the integrity of the Delta levee
system.

1986 Congress passed the DWR and U.S. Bureau of Reclamation historic accord, the CVP-SWP
Coordinated Operation Agreement.

The California Supreme Court confirmed the State Water Resources Control Board’s broad authority
and discretion over water rights and water quality issues in the Bay/Delta system, including
jurisdiction over the federal CVP.

1988 Barker Slough Pumping Plant, which provides water from the northwest Delta for the North Bay
aqueduct, was completed.

Suisun Marsh salinity control gates, which aid in controlling water quality in the marsh for protection
of waterfowl, were completed.

SB 34, the Delta Flood Protection Act of 1988, was enacted, creating the Special Flood Control Project
Program for eight islands in the western Delta and the towns of Thorton and Walnut Grove. This act
amended the Delta Levee Maintenance Subventions Program and established a special account in the
California Water Fund for appropriation by the Legislature for mitigation activities.

1991 Environmental Mitigation and Protection Requirements (SB 1065 and Assembly Bill lAB] 360) were
enacted, amending the Delta Flood Protection Act of 1988. Sections were added to the California
Water Code to establish coordination between the Resources Agency, DW’R, the Reclamation Board,
and the Department offish and Game to ensure that flood protection activities resulted in no net loss
of riparian, wildlife, or fishery habitat.

I
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Table 1. Chronological Summary of Events Important to the Delta
(Continued)

Year Activity

The Delta Protection Act of 1992 established the Delta Protection Commission. The Commission has
1992 developed a regional, comprehensive long-term resources management plan for the Delta to protect,

maintain, and, where possible, enhance and restore the overall quality of the Delta environment. The
act acknowledges that agricultural land in the Delta is of significant value, including its function of
providing open space and habitat for waterfowl using the Pacific Flyway. All local general plans for
areas in a designated Primary zone and within the boundaries of the Delta are required to be consistent
with the Delta Protection Commission regional plan.

Congress passed the Central Valley Project Improvement Act (Public Law [PL] 102-575).

1994 State and federal agencies and representatives signed the Bay-Delta Accord.

1995 The CALFED Bay-Delta Program was initiated.

1996 Proposition 204, the Safe, Clean, Reliable Water Supply Act was approved by the voters to fund a
variety of Delta improvements and local programs that were designed to address California water
needs, including Delta levee system improvements.

I
!

C--0201 84
(3-020186



Table 3. Delta Levee Inventory

Total Total Non- Total Non-Project Total Total
Total Project Project Levee Miles Flooded/ Eligible

Reclamation Island/Reclamation Levee Levee Levee up to PL 84-99 Other Levee Levee
No. District District Miles ’ Miles b Miles � Standard Miles d Miles e
1 556 Andrus, Upper; RD 556 11.7 11.2 0.5 0 0 0.5
2 2028 Bacon; RD 2028 14.3 0 14.3 0 0 14.3
3 Bear Creek 2.5 2.5 0 0 0 0
4 Bethany 5.2 0 5.2 0 5.2 0
5 Bethel Island MID 11.5 0 11.5 0 0 11.5
6 2042 Bishop; RD 2042 7.8 0 7.8 7.8 0 0
7 Bishop East 0.6 0 0.6 0.6 0 0
8 2121 Bixler; RD 2121 6.2 0 6.2 6.2 0 0
9 404 Boggs Dist; RD 404 5.3 4.1 1.2 1.2 0 0
10 Borrow Pond Area 2 0 2 0 2 0
11 756 Bouldin; RD 756 18 0 18 0 0 18
12 2033 Brack; RD 2033 10.8 0 10.8 0 0 10.8
13 Browns Island (T) 0 0 0 0 0 0
14 2059 Bradford; RD 2059 7.4 0 7.4 7.4 0 0
15 2067/317/407 Bran.-Andrus LMD 29.4 19.3 10.1 0 0 10.1
16 800 Byron; RD 800 19.3 0 19.3 19.3 0 0
17 2098 Cache Haas; RD 2098 12.1 12.1 0 0 0 0
18 2086 Canal Ranch; RD 2086 9.6 0 9.6 0 0 9.6
19 Chipps Island 2.6 0 2.6 0 2.6 0
20 Clifton Court (F) 9.2 0 9.2 0 9.2 0
21 Collinsville 1.1 0 1.1 0 1.1 0
22 2117 Coney; RD 2117 5.4 0 5.4 0 0 5.4
23 2111 Deadhorse; RD 2111 2.6 0 2.6 0 0 2.6
24 Delta Mendota 2.1 0 2.1 0 2.1 0
25 Decker 4.1 0 4.1 0 4.1 0
26 Drexler 4 0 4 0 0 4
27 536/2084 Egbert; RDs 536 and 2084 10.6 10.6 0 0 0 0
28 813 Ehrheart; RD 813 4.7 0 4.7 0 4.7 0
29 2029 Empire; RD 2029 10.5 0 10.5 0 0 10.5



Table 3. Delta Levee Inventory
(Continued)

Total Total Non- Total Non-Project Total Total
Total Project Project Levee Miles Flooded/ Eligible

Reclamation Island/Reclamation Levee Levee Levee up to PL 84-99 Other Levee Levee
No. District District Miles ¯ Miles b Miles c Standard Miles d Miles ¯
30 773 Fabian; RD 773 18.8 0 18.8 0 0 18.8
31 2113 Fay; RD 2113 1.6 0 1.6 0 0 1.6
32 Frank, Little (F) 3.5 0 3.5 0 3.5 0
33 1002 Glanville; RD 1002 13 0 13 0 0 13
34 765 Glide; RD 765 1.7 1.7 0 0 0 0
35 3 Grand; RD 3 28.8 28.8 0 0 0 0
36 2126 Harbor Cove (Atlas); RD 2126 1.9 0 1.9 0 0 1.9
37 1609 Harveys; RD 1609 12.4 0 12.4 0 12.4 0
38 2060 Hastings; RD 2060 16 16 0 0 0 0
39 2025 Holland; RD 2025 11 0 11 0 0 11
40 999 Holland Land; RD 999 33.4 33.4 0 0 0 0
41 2116 Holt Station; RD 2116 0.4 0 0.4 0.4 0 0
42 799 Hotchkiss; RD 799 6.3 0 6.3 0 0 6.3
43 830 Jersey; RD 830 15.6 0 15.6 0 0 15.6
44 2038 Jones, Lower; RD 2038 9 0 9 0 0 9
45 2039 Jones, Upper; RD 2039 9.3 0 9.3 0 0 9.3
46 2085 Kasson; RD 2085 6.2 6.2 0 0 0 0
47 Kimball Island 1.9 0 1.9 0 1.9 0
48 2044 King; RD 2044 9.1 0 9.1 0 0 9.1
49 369 Libby McNeil; RD 369 1.9 0.8 1.1 0 0 1.1
50 2093 Liberty; RD 2093 14.5 0 14.5 0 14.5 0
51 307 Lisbon; RD 307 6.6 6.6 0 0 0 0
52 2118 Little Mandeville (F); RD 2118 4.5 0 4.5 0 4.5 0
53 Los Medanos 5.6 0 5.6 0 5.6 0
54 Maintenance Area 9 19.6 19.6 0 0 0 0
55 2027 Mandeville; RD 2027 14.3 0 14.3 0 0 14.3
56 2110 McCormack-Williamson; RD 2110 8.8 0 8.8 0 8.8 0
57 2075 McMullin; RD 2075 7.5 7.5 0 0 0 0
58 2030 McDonald; RD 2030 13.7 0 13.7 0 0 13.7
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Table 3. Delta Levee Inventory
(Continued)

Total Total Non- Total Non-Project Total Total
Total Project Project Levee Miles Flooded/ Eligible

Reclamation Island/Reclamation Levee Levee Levee up to PL 84-99 Other Levee Levee
No. District District Miles a Miles b Miles ~ Standard Miles a Miles e
59 2041 Medford; RD 2041 5.9 0 5.9 0 0 5.9
60 150 Merritt; RD 150 18.1 18.1 0 0 0 0
61 2021 Mildred (F); RD 2021" 7.3 0 7.3 0 7.3 0
62 Montezuma Flats 1.9 0 1.9 0 0 0
63 Montezuma Island 0.4 0 0.4 0 0.4 0
64 2107 Mossdale 2; RD 2107 4.2 4.2 0 0 0 0
65 1007 Naglee Burke; RD 1007 8.3 0 8.3 0 0 8.3
66 348 New Hope; RD 348 18.6 0 18.6 0 0 18.6
67 Oakley 6.7 0 6.7 0 6.7 0 I~.
68 2024 Orwood; RD 2024 6.3 0 6.3 0 0 6.3
69 2036 Palm; RD 2036 7.5 0 7.5 0 0 7.5
70 2095 Paradise; RD 2095 4.9 4.9 0 0 0 0
71 2058 Pescadero; RD 2058 9.2 6.7 2.5 0 0 2.5
72 2104 Peters; RD 2104 8.4 8.4 0 0 0 0
73 551 Pierson; RD 551 14 6.8 7.2 7.2 0 0
74 1667 Prospect; RD 1667 (F) 10 2.9 7.1 0 7.1 0 I
75 2090 Quimby; RD 2090 7 0 7 0 0 7
76 755 Randall; RD 755 1.9 1.9 0 0 0 0
77 2037 Rindge; RD 2037 15.8 0 15.8 0 0 15.8
78 2114 Rio Blanco; RD 2114 4.2 0 4.2 0 0 4.2
79 2064 River Junction; RD 2064 11.9 11.9 0 0 0 0
80 684 Roberts, Lower; RD 684 16 0 16 0 0 16
81 524 Roberts, Middle; RD 524 12.7 6.1 6.6 0 0 6.6
82 544 Roberts, Upper; RD 544 15 10.6 4.4 0 0 4.4
83 Rough and Ready* 5.5 0 5.5 0 5.5 0
84 501 Ryer; RD 501 20.6 20.6 0 0 0 0
85 Sacramento Deepwater 26 0 26 0 26 0
86 2074 Sargent Barnhart; RD 2074 6 1.5 4.5 4.5 0 0
87 341 Sherman; RD 341 18.5 9.7 8.8 0 0 8.8



Table 3. Delta Levee Inventory
(Continued)

Total Total Non- Total Non-Project Total Total
Total Project Project Levee Miles Flooded/ Eligible

Reclamation Island/Reclamation Levee Levee Levee up to PL 84-99 Other Levee Levee
No. District District Miles ¯ Miles b Miles c Standard Miles d Miles �
88 Sherman West (F) 5.5 0 5.5 0 5.5 0
89 2115 Shima; RD 2115 6.6 0 6.6 0 0 6.6
90 Shin Kee 3.6 0 3.6 0 0 3.6
91 SJCFCD Five Mile Slough 1.4 0 1.4 1.4 0 0
92 SJCFCD Fourteen Mile Slough 2 0 2 2 0 0
93 SJCFCD Mosher Slough 4.1 0 4.1 4.1 0 0
94 17 San Joaquin River; RD 17 16.2 16.2 0 0 0 0
95 1614 Smith Tract; RD 1614 2.8 0 2.8 2.8 0 0
96 1608 Lincoln Village West 4.3 0 4.3 4.3 0 0
97 Spinner Island 0.8 0 0.8 0 0.8 0
98 2089 Stark; RD 2089 3.5 2.8 0.7 0.7 0 0
99 38 Staten; RD 38 25.4 0 25.4 0 0 25.4
100 2062 Stewart; RD 2062 12.3 12.3 0 0 0 0
101 349 SuRer; RD 349 12.5 12.5 0 0 0 0
102 548 Terminous; RD 548 21 0 21 0 0 21
103 2108 Tinsley; RD 2108 0 0 0 0 0 0
104 1601 Twitchell; RD 1601 12 2.5 9.5 0 0 9.5
105 563 Tyler; RD 563 22.9 12.2 10.7 0 0 10.7
106 1 Union, East; RD 1 14 1 13 0 0 13
107 2 Union, West; RD 2 16.2 0 16.2 0 0 16.2
108 1607 Van Sickle; RD 1607 3.8 0 3.8 0 3.8 0
109 2065 Veale; RD 2065 5.1 0 5.1 0 0 5.1
110 2023 Venice; RD 2023 12.3 0 12.3 0 0 12.3
111 2040 Victoria; RD 2040 15.1 0 15.1 0 0 15.1
112 554 Walnut Grove; RD 554 4.9 1 3.9 3.9 0 0
113 2094 Walthall; RD 2094 3.3 3.3 0 0 0 0
114 2026 Webb; RD 2026 12.9 0 12.9 0 0 12.9
115 828 Weber; RD 828 1.7 0 1.7 1.7 0 0
116 West Island 3 0 3 0 3 0
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Table 3. Delta Levee Inventory
(Continued)

Total Total Non- Total Non-Project Total Total
Total Project Project Levee Miles Flooded/ Eligible

Reclamation Island/Reclamation Levee Levee Levee up to PL 84-99 Other Levee Levee
No. District District Miles" Miles b Miles � Standard Miles d Miles e
117 900 West Sacramento; RD 900 13.6 13.6 0 0 0 0
118 2096 Wetherbee; RD 2096 0.2 0.2 0 0 0 0
119 2122 Winter; RD 2122 4.8 0 4.8 0 0 4.8
120 2072 Woodward; RD 2072 8.8 0 8.8 0 0 8.8
121 2119 Wright-Elmwood; RD 2119 7.1 0 7.1 0 0 7.1
122 2068 Yolano; RD 2068 8.7 8.7 0 0 0 0
123 Yolo Bypass Unit 4 3.6 3.6 0 0 0 0

Total Miles 1,116 384.6 731.7 75.5 148.3 506.0

Notes:

From Corps’ 1993 System Final Report - Lower Sacramento.
Includes Corps’ estimate for project levee repairs.
Discrepancies in the Delta levee inventory and the cost estimate are being investigated.

¯ Total Levee Miles - Length of levees in the legal Delta.
b Total Project Levee Miles - Length of federal project levees.
c Total Non-Project Levee Miles - Non-project levees included in the Subventions Program. Includes Direct Agreement levees.
d Total Flooded Levees - Islands or tracts that are permanently flooded or tidal and the levees are not being maintained. Other Levees - Non-Project levees maintained and
operated by either a private entity or the Corps, U.S. Bureau of Reclamation, Navy, or DWR.
~ Total Eligible Levee Miles - Non-project levees that are not up to PL 84-99 standards and are not flooded or maintained by a private or federal entity.
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GUIDELINES FOR REHABILITATION

,.OF NON-FEDERAL LEVEES-IN THE

_SACRAMENTO-SAN JOAQU~IN LEGAL DELTA

I

I
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DEPARTMENT OF THE ARMY
U.S. Army Corps of !~ng~neers

WASHINGTON, D.C, 20314-1000

REPLY TO
ATTENT~N OF:

2 4 ~AR
CECW-OE-D

I MEMORANDUM FOR: South Pacific DivisionCommander,

SUBJECT: Non-Federal Levee Rehabilitation in the Sacramento-San

I Joaquin Legal Delta Under the Provisions of PL 84-99, as amended

I. Reference: Memorandum with enclosures, CESPD-CO-E,

I
30 November 1987, sab.

2. The proposed eligibility guidelines are approved subject to
the following conditions:

I a. The PL 84-99 rating guide dated 2 December 1987, which
superseded the 30 June 1987 version, will be used in the final
eligibility guidelines.

b. General dewatering of inundated tracts as a result of
levee failure will not be considered as eligible work under Corps
rehabilitation project as it is rightfully a non-federal
responsibility. Costs associated with dewatering the immediate
construction are~ for the purpose of levee embankment repair is

I eligible for consideration.

3. Implementation of the new guidelines must always focus on our
common objective to ensure consistent application of theI to all where the Federalemergency authority eligible applicants
interest and flood protection are of paramount concern. This
position must be clearly transmitted to all interested parties.

I FOR THE COMMANDER:

I Chief, Operations and Readiness Division
Directorate of civil Works
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DEPARTMEN~ OF THE ARMY
SOB~ ~C~F|C O|V|S|OH, CORPS OF EHGI~EERS

630 Sansorn~ S~eeL Roo~ 720
San Francisco. Calil~a 94111-2206

ATT~TION Or: 3 ~

CESPD-CO-E ~4~t 1987

MEMOKANDUM FOR: Colander, HQUSACE, A~: DA~-~O-EO, 20 Mass.
Ave, N.W. Wash D.C., 20314-1000

SU~ECT: Non-Federa! ~vee Rehabilltatlo~ in the Sacr~en~o-San 3oaquin
Legal Delta under the Provisions of PL 8&-99, as ~ended.

i. ~e Corps posiEion on rehabilitation of non-Federal levees within the
Sacr~ento-San Joaquin Delta was defined in a Feb~a~ 1980 PL 8~-99
policy staEemen~ by Colander, HQUSACE, LieutenanE General John W. Morris.
General Morris stated that since non-Federal Delta levees were .built for
Ei~l and not flood conErol ~hey could not be rehabilitated under PL 8~-99
authority. Director of Civil Works Major General John F. Wall reviewed
this policy in May of 198& and added that if local interes~s’up~raded these
t~dal levees to meet appropriate flood control standards ~hey may be
considered for rehabilitation assistance. General ~all also s~aEed thaE SPD
may have ~o develop Delta exclusive s~andards for any levee upgrade by locals.

2. Based on the above policy ~u[dance Sacr~ento Dis~ricE has developed
Del=a exclusive standards (Encl 3) for ~on-Federal levees to quali£y for
rehabilltaEion under PL-84-99. I concur wi~h ~he District’s proposal with
the followin~ stipulations:

a. It is a~reed to view F~’s shorK-~e~ hazard mlti~aEion plan for
the Del~a (valid through 1991) as the interim Federal ~uideline for Delta
levees. ~ese ~idellnes would apply to eligibility for Federal assistance
under PL 93-288 only.

b. ~e lon~-te~ solution to el~{biliEy Eo Corps emergency
assistance in Ehe Delta will be based on el~{biliEy ~uidelines for
rehabilitation under PL 8&-99 as coordinated be~een the State and Corps.
~is is consistent w~Eh F~’s expectations.

c. ~e Corps accepts the established SEa~e standards for level of
proEecEion and freeboard in the Delta (State lon&-te~ subvenEion pro~r~
as expressed in Sta~e Pub 192.82.) However, .~eoEech standards must also be
addressed ~o establish eli~[bilicy for Corps rehabilitation assistance.
~e ~eotech/stabiliEy screenin& process developed by SFK will be proposed
to the State for their consideration. An option mus~ be included for levee
sponsors ~o do their o~ ~nalysis to reclaima if desired.

d. SPK’s proposed d~finiEion of a flood event in the Delta appears
reasonable for eli~ibiliE~ purposes, provided it is understood that the
Division Colander retains the puro~ative to judge individual events based
on specific H~ data.

3. ~is doc~ent is fo~arded for your review and co~en~. A focal
presentation on the propo@al w~ll be given to your staff if so requested.
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I
I             a. MSG, DAEN-CWO-E, 271415 Feb 80, Subject: PL 84-99 Authority.

(Encl 1 - Morris Policy on Delta)

I b. First Endorsement, DAEN-CWO-EO,’I May 84, Subject: Sacramento
San Joaquin Delta, California. (Encl 2 - Wall Policy on Delta)

I
I Enclosures (3) PATRICK J. KELLY

Brigadier General, U.S. Army

I Commanding

I

I
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CESPD-CO-E (CECW-OE-D/24 Mar 88) ist End B. Edmlsten/dah/556-3108
ISUBJECT: Non-Federal Levee Rehabilitation in the Sacramento-San Joaquin

Legal Delta under the Provisions of PL 84-99, as amended

DA, South Pacific Division, Corps of Engineers, 630 Sansome Street, I
Room 720, San Francisco, CA 94111-2206 13 April~l.~

FOR: Sacramento District Emergency Management (CE K-~~~ I

The proposed eligibility guidelines are approved subject to conditions stated in
basic memorandum and those conditions listed in paragraph 2 of CESPD-CO-E

IMemorandum of 30 November 1987, same subject.

FOR THE COMMANDER:~__                                                                                    I

Construction-Operations Division

I
I
I
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I MEM~UM FOR, Commander, So~t~ ~aclfic Division

SUBJECT= Non-Federal Levee Rehabilitation in the Sac~

I San Joaquln Legal Delta under the Provisions of PL
amended

I. Reference:
I             a. Letter, SPKEM, I May 1987.

I b. Joint SPD/SPK Meeting, 2 September 1987.

c. DRAF~ - Guidelines for Rehabilitation of non-Federal

i Levees lh the Sacramento-San Joaquin Lega! Delta, CA,
3 September 1987 (encl i).

2. Purpose.! a. yhe purpose of this letter is to change the
recommendations submitted by Reference 1.a. The~changes are

I to those items discussed at the joint meeting (Reference
1.b.).

b. This letter, also requests your approval to implement
I subject guidelines.the

3. General.

I a. The Chief of Engineers and the South Pacific Division
Engineer tasked the’ Sacramento District Engineer to develop

i Delta-exclusive standards for non-~ederal levee upgrade, by
local interests, to appropriate flood control standards that
will result in their being eligible for consideration for
tel>air under PL 84-99, as amended. The Delta-exclusive

I standards supplement the ?~ational Guidelines (33 CPR203)
issued 16 July 1986~

I b. The recommended guidelines are Delta-specific and
they are not intended to establish design standards for ~h-_
537 miles of non-Federal levees in the Sacramento-San Joaguin
legal Delta, but toi provide uniform procedures to be used byI the Corps of Engineers in determining eligibility under
PL 84-09, as amended. These Delta-specific guidelines
supplement the ~at!onal Guidelines.

!
I
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SOBJECTt Non-F~deral Levee Rehabilitation in the Sacrament .o~.,’.
San~Jo~quin Legal Delta under the Provisions of PL 84~99, as
amended

¯ h..~-
!~~pectlon ’rating guide .that ~s meant to be .used .fo~=’~’:nSn-
Federal levees. That .document plu~ ~he .supplementa~
guidelines (recommended herein) ~nd all existing PL~.~4:9~
Urlteria will be used to quali~y the non-Federal levees
the Sacramento-San Joaquin Delta for rehabilltatlon~
assistance.

4. Recommendations - Supplemental to the Nationa!
Guidelines.

ao Non-Federal Levee Guidelines for structures in the
Legal Delta to be considered flood control structures
ellg~ble to ~uallfy for post-flood rehabilitation under.
PL 84-99, as amended, are as follows~

(i) 1.5 feet of freeboard above the 100-year flood
stage for all islands/tracts.

(2) The 100-year flood stages are those stages
develope~ by the Sacramento District for ~EMA that are being
used in their Flood Hazard Mitigation Plan, Sacramento-San
Joaquln Delta, Disaster Declaration FEMA-758-DR-CA, 1986.

(3) The levee will have a 16-foot crown width with
an all-weather patrol road.

(4) The minimum water side slope of the levee will
be IV:2;{.

(5) The minimum land side slope of the levee will
vary with the levee height and ~epth of peat (see enc!l).
The levee stability charts were computed using an idealized
levee section with 5 zones of materials and using a safety
factor of 1.25. Public agencies whose levees do not fit into
these guidelines may submit data/information prepared by an
engineer registered: in the fields of geotechnica!, soils or
civil that demonstrates their levees meet or exceed ~ 1.25
factor of safety.

(6) A levee toe drain will be located 30 feet
landward from the landside levee toe.

b. The California State Water Code ~ection 1220~ (dated
1959) has defined the boundary of the Delta and it is

I
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!
C̄ESPK~EM.

I ~.SUBJECI~."N~n-~eral Levee Rehabilitation in the. Sacramento-
Sa~..~o~quin~!~1 .Delta under..the Provisions of PL 84-99~ .as
amehded " ....... ¯ ~ ’

°’~he .~el~O~~purpO~S]~ f ad~lnister~ng" the
of PL84-99~~aS"~bndedo ’ ¯               ., - "    ’~

c, When any::one.of the following conditionsIs met, a
determination will be. made by the Sacramento District

I .Engineer and concurred in by the South Pacific Division
Engineer, for post-flood rehabilitation o~ non-Federal levees
in thelegal Delta.

I {1) Antioch tldal gauge equals or exceeds 6.0 feet
(1929 National Geodetic Vertical Datum)NGVD (about 25-year
frequency), plusthe combined flow in the Sacramento River

I and Yolo Bypass equals .or exceeds 320,000 cfs (about 10-~ear
frequency flow) at the latitude of the city of Sacramento, or

I (2) Antioch tldal gauge equals or exceeds 6.0 feet
NGVD (about 25-year frequency), plus the flows in the San
Joaquin River at Vernalis equals or exceeds 28,000 cfs (about
10-year frequency rain flood), and the stage on the Mokelumne

I River at New Landing equals or exceeds Ii feetHope
(abou£ 10-year frequency stage), or

I (3) Antioch tidal gauge equals or exceeds 6.0 feet
NGVD (about a 25-year frequency), plus the flow of any other
river/stream into the legal Delta exceeds a 10-year

i frequency.

5. Subsequent to your approval to implement the subject
Delta-speclfic guidelines, we have arranged to meet

I informally with VEM~, State OrS, ~tate DWR and State
Reclamation Board.officials to solicit their views. The
meeting will be held at the Sacramento District office, Room

I ~o. 6543, on 30 September 1987 at 1300 hours.
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!
.CESPK-EM 3 September 1987

I

I
GUIDELINES FOR REHABILITATION OF NON-FEDERAL LEVEES

IN THE SACRAMENTO-SAN JOAQU’IN LEGAL DELTA, CA
I

I. In 1980, the Corps of Engineers stopped all                                I

rehabilitation assistance to non-Federal levees in                            I

Sacramento-San Joaquin Legal Delta under PL 84-99 until such

time that the non-Federal levees could be considered flood-                I

control levees that provide a dependable adequate degree of

prot?ction. Subsequently, the Corps of Engineers developed                I

National Guidelines that were finalized and published in the               I

Federal Register Vol. 48, No. 246, dated July 16, 1986.

Those guidelines are supplemented by additional guidelines,                 I

contained in this document, -that are specific to the Delta.

The boundaries of the legal Delta are defined in the State of              I

California Water Code Section 12200 dated 1959. All non-                    I

~ederal levees in the legal Delta will be evaluated for

eligibility for rehabilitation under the provisions of PL 84-              I

99, as amended, when they meet the guidance provided herein.

2. Summary of changes to PL 84-99, as amended. These                        I

changes prescribe a set of minimum guidelines that non-

Federal flood control projects must meet to be eligible for                 I

I
I
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I
I consideration for rehabilitation under the provisions of PL

84-99. These guidelines address both maintenance and

I       engineering criteria and revise the existing cost-sharing

formula for non-Federal projects. The changes also Include a

requirement that all applicatlons ~or rehabilltation of non-

I F ederal projects have a public agency sponsor. The new cost-

sharing requirements, effective immediately, establish an 80%

I Federal-20% non-Federal distribution of the construction cost

of the rehabilitation of non-Federal flood control projects.

I       Evaluations for eligibility, investigation of flood damages,

i engineering and rehabilitation design costs are borne by the

Corps of Engineers.

3. The National Guidance for the technical and maintenance

I       evaluation of non-Federal flood control facilities is

attached as Appendix A.

I 4 . The Delta-specific guidelines are supplemental ho the

National Guidelines and are as follows:

!
a. 1.5 feet o~ freeboard above the 100-year flood stage

I      for all islands/tracts.

I
I

I
I
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SUBJECT: Rehabilitation of Non-Federal Levees in the
ISacramento-San Joaquin Legal Delta, CA

bo The 100-year flood stages are shown on Appendix B.

These are the same 100-year flood ~tages used for the Flood I
Hazard Mitigation Plan, Sacramento-San Joaquln Delta,

Disaster Declaration FEMA-758-DR-CA, 1986. I

c. The levee will have a 16-foot crown width with an

all-weather patrol road. I

|
d. The minimum water side slope of the levee will be ¯

IV: 2H. , !
e. The minimum land side slope of the levee will vary

I
with the levee height and depth of peat (see Appendix D).

The levee stability charts were computed using an idealized I

levee section with 5 zones of materials and using a s~fety

Ifactor of 1.25. Public agencies whose levees do not fit into

these guidelines may sub~it data/information prepared by a
I

registered engineer (geotechnical, soils, civil) that

demonstrates their ievees meet orexceed a 1.25 factor of I

safety.

I

f. A levee toe,drain will be located 30 feet landward
I

from the landside levee toe.
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5. Public agencies may request an evaluatlon of their non-

Federal levee system by pro~idlng the following information

to UoSo Army Corps of Engineers, ATTN: EmeEgency Management

Division, 650 Capitol Mall, Sacramento, CA 95814-4794.

a. Name of Island/Tract, point of contact, telephone

number and address.

! b. Furnish centerline profile and cross-sections of the

! levee at a minimum of 1,000 feet intervals.

c. If applicable, certification data of a 1.25 factor of

safety.

6. When any one of the following conditions is met,

a determination will be made by tlhe Sacramento District

Engineer and concurred in by the ~outh Pacific Division

Engineer for post-flood rehabilitation of non-Federal

levees in the legal. Delta.

a. Antioch tidal gauge equals or exceeds 6.0 feet (1929

National Geodetic vertical Datum)~ NGVD (about 25-year

frequency), plus the combined flow in the Sacramento River

and Yolo Bypass equals or exceeds 320,000 cfs (about 10-year

frequency flow) at the latitude of the city of Sacramento or

C--020204
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CESPK-EM

SUBJECT: Guidelines for Rehabilitation of,No.n-Federal Levees I

in the Sacramento-San Joaquin Legal Delta, CA

I

b. Antioch tidal gauge equals’or e~ceeds 6.0 feet NGVD ~
I

(about 25-year frequency), plus the flows in the San Joaquin

River at Vernalis equals or exceeds 28,000 cfs (about 10-year I
frequency rain flood), a~d the stage on the Mokelumne River

at New Hope Landing equals or exceeds ii feet NGVD (about i0- I

year frequency stage), or
I

c. Antioch tidal gauge equals or exceeds 6.0 feet NGVD
I

(about a 25-year frequency), plus the flow of any

river/stream into the legal Delt~ exceeds a 10-year I

frequency.

I

I
I

Atchs

I

I
I
I
I
I
I
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APPENDICES

Appendix Description

A Leve4 Rating Guide

B Map of 100-year Flood Stages in the Delta

C Peat Thickness Map

D Minimum Landslde Levee Configuration
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ER ~00-1-1
11 Mar 91

1
Rating codes: A- Acceptabl~ Pdrformance ~ ¯

M- MinlmaIly Acceptable Performance Level
U- Unacceptabl~.Pexformanc~ I.zwl                                   I

ITEM RATING GUIDE

!
1. Level of ProtectiOn A- The designed section is foran exce~-ce ftx:que..ncy greater than 10% chance

(10 yr.) with minimum frcel~m~ of 2 feet.

M- The deigned ~,:tion is for an ~ frequemcy between 20% to 10% chance I
(5-10 yr) with minimum frceboatxt of I foot.

U- The designed section is less than the minimum requked for an M rating.

I

2. Erosion Control A- Ett:~n protection in activ~ ate.as is capable of handling the designed flow vtlocity
for the l~v~! of protection for the entire FCW.

M- Erosion protection is capable of handling the designed flow ~locity for the level
of protection for 75% or more of the FCW.

U- Fax~ion protection mcasures protects less than 75% of the FCW; or if et~on I
protection was not prc~vided and there is evidence indicating a need for crtmion
pro~e~ior~

3. Embankment A- l~ll material for embankment is suitable to p~:nt slides and r~pag~ for the I
e.~’ting ~id~ ~lop~. Fill mamr~al is unifo~n and ade.q~t¢ly compacted
the emi~ FCW.

IV[- Ma[¢rial is ade.~quate ~nd suhable to pr~t major slides a~d capable of handling IIocal~d ~¢pag~ for the e.~st~ng ~id¢ slop~. F’ill material is uniform and
adequately compaaed in 7~% or mor~ of the FCW.

U- Material is unsuitable and l~k¢ly to caus~ numerous slides and allow exce.~ I
~ncontrolled f~-~ag~. F’ffi material is not u~form, or th~r~ is ~o compactio~ and
evidence indicat~ a need for

4. Foundation                  A- Foundation materials w~I! no~ cause p~ping, saad boils, .~pag~, or s~ttIemen~s           I
which rt~uce the l~wl of protection.

M- Foundation materials may show sig~ of e~ ~epage, minor sand boils, and
localized ~ttlements.

Uo Foundation materials are unsuitable and likely to catts~ excessive uncontrolled
seepage, sand lx~ils, and piping. ¯

Figure E-2. Engineering Guide
I

I
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E-$. Maintendnce Compliance Guide. TI~ guide (Figure E-3) is used to assign a
rating for maintenance compIiance during the InitiaI Eligfl3iiity Inspection and the
Continuing F_.lig~’bility Inspection. The evaluation should reflect the level of
maintenance required to insure the intended degree of flood protection and actions
required by the owner/sponsor for a FCW to remain eligible for the rehabilitation
program under PL 84-99.

Rating code~: A- Acc~ptabI¢ Peaformanc~ ~
M- IVfiulmaily Acceptable Pexformanc~ ~
U- U~c.c~ptabl¢ Pe, rforman~

ITEM RATING GUIDE

1. Depresslozts A- ~ de~io~ or ~Uo~ ~ dr~n~.

U- Dc~re~ons 6" vextical or ggeater which endanger~ the integrity of the l~,e.~,

Figure E-3. Maintenance Compliance Guide I

~-3
I
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I ~ 500-1-1
11 Mar 91

$. Animal Burro~s ’ A- Continuo~ animal burn3w control px~ram ~t ~t~ ~y a~ b~

6. Un~~ A- ~b~~~e~. ~~

I 8.     Riprap/Revetment A- Existing p~t¢ction v~rks which is properly maintained and undamaged.

M- No scouring ac~vity that could undc~ut banlc~ erode embankments, or restrict
de,red channel flow.

I U- Meandering and/or r,~r activity that is undercutting banks, eroding
embankments (such as l~�~), or impaizs channel flows by causing turbulence,
meandering or shoal~n&

Figure Eo3. Maintenance Compliance Guide (Cont’d)

!

I
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11 Mar 91
1̄

Figure E-3. Maintenmace Compliance Guide (Cont’d) I
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I 17. Pump Control System A- Ol~:~tiom~I and maintz[ned free of damage, �orro~on or other dcbr~

M- OI~ratlor~l with ~

I U- Not operational, or uacorr~ed noted

ltL Metallic Items A- All metal parts in ¯ plant/building l:Yzote.cte.d from permanent damag, fromI corrtmion. Trash tacks ft¢. from damage/de.brk and are capable of being cleared,
i~ rt:quitrM, during operation. Gates

1~- Cort~ion on metal parts appears maintainable. T-ash racks free from damage
and miaimum debris pro, eat, and capabl¢ of being cleareM befo~ next flo:xt event
or during operation. Gates operable.

U- Metal parts need t~plactment. Trash racks damaged, hay. accumulated debris

I that have not been cleared annually or cannot be cleared during operation..

i Figure E-3. Maintenance Compliance Guid~ (Cont’d)

I
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I ER 500-1-1
Change 1

FiEure I-2 2 Dec 87

I MINIMUM ELIGIBILITY INSPECTION DATA

1. SPONSOR/OWNER INFORMATION d. Design Data:
I Name of’Applicant/Requestor Height: top width

Levee Location, River, stream, river mile Riverward and landward side slopes
and bank Estimated level of protection

I City, County, State (percentage)
Name, Address, Phone, point of contact Overtopping elevation
POC phone of both Levee Owner and Gage data if availableI of levee construction materialSponsor. Type

Erosion protection
2. INTRODUCTION Intedor Drainage

I Should list authority for inspection (e.g.,
PL 84-99), purpose and scope of the 4. FIELD INSPECTION DATA (Based on

i inspection. Rating Guide)
Identify inspection team

32. PROJECT INFORMATION Summary of results of observations

I a. Identification:
Project ID number 5. EVALUATION

River Basin and levee or drainage a. Structural and Geotechnicah

I district General Description of levee
Previous repair history such as costs, embankment features
dates and by whom Foundation condition

i River or Creek bank and mile. Stability and Seepage
b. Classification: b. Hydrology and Hydraulics:
Project purpose (flood control, land Level of protectionI reclamation, etc.) Erosion Protection
Type levee (primary, secondary, c. Comments on Operation and
setback, etc.) Maintenance:I CompleteAncomplete/operationall
abandoned, etc. 6. RECOMMENDATIONS
c. Economic Protection Provided:

I Total area protected 7. LIST OF ATTACHMENTS:
Land usage and Percent

i Cropping pattern 8. SIGNATURES:
Value of property protected Report should be signed by a
Facilities protected representative of each discipline.

i Histodc flood damages, cite year and
amount 9. Each division/district ~hall develop a
Frequency of event, standard form (approved as required by

local Information Management element)I for use in documenting these inspections.

I
AL8
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TRACT
SARGENT

TRACT

!

TRACT                                   ~     MIDDLE

ROBERTS
ISLAND

EYR
TR~ RD

UNION |St.AND
ROBERTS

FABIAN TRACT

LE~ENO:
&

THICKNESS (IN FEET) OF ORGANIC* SOILS

~2o-ao SACRANENTO-SANcALIFORNIAJOAQUIN OELTA
~zo-,o

D ! STR i BUT I ON AND TH i CKNESS
OF OR~Ni~ SOILS**

*eeat.,-oreanic silt. oreanic clay SACRAMENTO DISTRICT, CO~PS OF(Pt, "~L. OH), eineral soils con-
tainin~ ~reater than 25~ organics, JULY 1982

**Subsidence of o~iani~ s~ils in the SCAL( IN MILES
Sacramento-San Joaqutn uelta. DWR, 2      0 2     ~ ~     8
Central District, AuEust 1980. ~ ~’~
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US ARMY CORPS OF ENGINEERS

DISASTER ASSISTANCE OVERVIEW

The US Army Corps of Engineers is a major Army command with
a broad set of missions and capabilities. One of its missions is
to provide assistance, within its authorities, when natural
disasters or other emergencies occur.

Emergency preparedness and response is primarily a state
and local responsibility. However, in instances when the nature
of_the disaster exceeds the capabilities of state and local
interests, the Corps of Engineers may provide help to save human
life, prevent immediate human suffering, or mitigate property
damage.

The authority for the Corps of Engineers to provide such
assistance is Public Law (PL) 84-99. Under this law, ~the Corps
of Engineers is authorized to provide assistance under the
following six programs:

I. Disaster Preparedness
2. Advance Measures
3. Emergency Operations
4. Rehabilitation and Inspection of F!ood Contro! Works
5. Emergency Water
6. Hazard Mitigation

Each program is described in greater detail in the
subsequent paragraphs.

i. Preparedness. State and loca! governments areDisaster
responsible for natural disaster emergency preparedness,
including training and stockpiling of f!ood fight supplies. The
role of the US Army Corps of Engineers is to supplement maximum
efforts of the state and local authorities during a natural
disaster emergency. The Corps of Engineers provides the
following assistance to the state and local communities:

a. Provides personnel to assist communities with
public information programs for awareness and knowledge of
natural disaster hazards.

b. When requested by state and local officials, the
Corps will participate in natural disaster emergency seminars or
exercises.

c. Provide technical assistance for development of
emergency plans at the state and local level.

d. Inspection of flood control works constructed or
repaired by the Corps of Engineers, and advisement to local
sponsors of needed maintenance.
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e. Upon request, inspection of non-federal flood
control works. This is covered more thoroughly under
Rehabilitation of Flood Control Works.

2. Advance Measures. Advance measures consist of
actvities performed prior to a flood event, including flood
fighting actions, to protect against loss of life and damages to
urban and/or public facilities. The threat must be of a nature
that if no action is not immediately taken, damages will be
incurred. The following criteria must be met for Corps
assistance:

a. An imminent threat of unusual flooding must exist
to~ustify assistance. The threat must be established by either
the National Weather Service (NWS) forecast or by Corps
determination of unusual flooding from adverse conditions.

b. Assistance will be in support of state and local on
going or planned efforts. Al! activities will be coordinated
with the State office of Emergency Operations or equivalent.
Local and state interests must commit available resources.

c. A written requesn is required from the state
governor or designated representative.

d. Requested assistance must be technically feasible
and have a economically justifiable cost benefit ratio.

e. Assistance will be temporary in nature, designed to
effectively deal with the specific threat, and capable of
construction in time to prevent projected damages.

f. These projects must have a Public Sponsor.

g. Assistance is terminated when the imminent flood
threat ends.

h. Assistance may be in the form of Technica! or
Direct assistance.

i. Technical assistance consists of technical review,
advice, and/or recommendations to state and local agencies
before, during and/or after a f!ood event. The following are
examples of technical assistance support:

- Provide personnel to inspect existing flood
control works to identify potential problems and solutions, to
evaluate conditions to determine additional flood control
protection requirements, and to recommend the most expedient
construction methods.

- Provide hydraulic, hydrologic, and/or
geotechnical analysis.

information, readily available at CorpsProvide
districts, to local entities for use in the preparation of loca!
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evacuation and/or contingency flood plans.

j. Direct assistance provided by the to Corps
supplement state and local resources may include:

- Flood fight materials such as sandbags, plastic
sheeting, lumber, stone, pumps etc.

- Corps equipment if available

- Emergency contracting

k. The types of emergency work the Corps can provide
are:

- Emergency work on Federal and Non-Federal Flood
Contro! Works by strengthening or temporary raising to prevent
structural failure or overtopping.

- Construction of temporary flood control levees to
protect life and improved property.

- Removal of channel obstructions to allow the
passing of predicted flood flows. Obstructions may be snags/logs
or debris jams, or sand and gravel bars restricting hydraulic
capacity.

- Relieve the threat of dam failures by dewatering,
controlled breaching, or strengthing.

3. Emergency Operations. The Corps of Engineers may
provide emergency assistance for flood and post flood response to
save lives and protect improved property, such as public
facilities/services and residential/commercial developments.
This assistance will supplement state and !ocal efforts. State
and local entities must commit all available resources, i.e.,
manpower, supplies, equipment, funds, etc. Assistance to
individual homeowners, businesses (to include agricultural
property) is not permitted.

a. Corps assistance during flood fight operations will
be of a temporary nature to meet the immediate threat and is not
intended to provide permanent solutions to flood problems.

b. Emergency assistance must be requested by the state
governor or his/her designated representative for flood and post
f!ood response.

c. The Corps flood fight assistance may be in the form
of technical or direct assistance.

- Technical Assistance for any disaster consists of
providing review and recommendations in support of state and
local efforts. Examples of technical assistance are:

(1) Providing experienced personnel at the
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disaster site to give guidance on flood fight techniques and
emergency construction methods.

(2) Providing personnel to inspect existing
flood protection projects and/or structurally threatened dams to
identify problem areas and recommended corrective measures.

(3) Providng hydraulic or hydrologic analysis,
geotechnical evaluations, topography and stream data, maps, and
historic flood or storm information.

- Direct Assistance may include but is not limited
to the following:

(i) Purchase of flood fight materials to support
on-going state and local efforts. These materials inGlude
sandbags, sand, plastic sheeting, lumber, etc. Government
supplies may be furnished only if local resources are exhausted
or will be exhausted. Unused materials will be returned,
replaced in kind, or reimbursement made to the Corps of
Engineers.

(2) Assist in search and rescue operations. The
Corps may use its resources in such operations.

(3) Corps may direct flood fight operations upon
request of an appropriate state or local official. However,
legal responsibility remains with the requesting official.

(4) Emergency contracting will be available to
hire equipment and operators. Emergency work includes
construction of temporary levees, the emergency repair,
strengthening, or temporary raising of levees or other flood
control works, or removal of stream obstructions.

d. Flood response assistance will end when the flood
waters recede to bankfull conditions.

e. The authority for the Corps of Engineers to perform
post flood response was enacted by the US Congress under Section
917 of the Water Resources Act of 1986. The intent of this
authority is to allow Corps assistance prior to a Presidential
Declaration made under authority of the Stafford Act. Corps
assistance will be limited to major floods/coastal storms
resulting in life threatening situations. Response is limited
to lifesaving actions and protection of public
facilities/services and residential/commercia! developments.
Assistance to individual homeowners and businesses (to include
agricultural property) is not permitted.

- A written request from the governor to the
appropriate district commander will be provided concurrently with
or immediately after the governor’s request to FEMA for a
Preliminary Damage Assessment (PDA).

- This request must indicate that recovery work is
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beyond the capability of the state, identify specific damage
locations, and detail specific requirements for Corps of
Engineers assistance.

- Corps assistance is limited to a maximum of i0
days from the receipt date of the governor’s request for
assistance.

- No work, including contract work, shall be
performed after the !0 day period expires. Post response
assistance may be technical or direct assistance. Direct
assistance activities include:

(i) Clearance of debris necessary to reopen
critical transportation routes.

(2) Restoration of critical transportation
routes or public ervices or facilities.

(3) Other assistance required to prevent loss of
life or public property as determined by the division or district
commander.

4. Rehabilitation and Inspection Proqram ~RIP). The RIP
is the Corps of Engineers program that implements the provisions
of Public Law 84-99 regarding inspection and rehabilitation of
Non-Federal flood control works and the rehabilitation of Federal
flood control works. Rehabilitation assistance is limited to
eligible Non-Federal and Federally authorized flood control
projects. The Non-Federal Flood Control Works Rehabilitation
Program is described on pages 7 thru i0 and Exhibit A and B.
Structures that are not eligible for assistance are:

a. Structures built for channel alignment, navigation,
recreation, fish and wildlife, land reclamation, drainage, or to
protect against land erosion are not flood control works.

b. Bank protection works, river control structures, or
other non-flood control projects constructed by the Corps.

c. Structures damaged by non-flood disasters such as
earthquakes or volvanic eruptions are not authorized assistance.
If a potential flood threat exists due to damage educed by a non-
flood disaster, Corps of Engineers Headquarters may grant
exceptions on a case by case basis to allow rehabilitation.

d. Those f!ood control works constructed, operated and
maintained by the Corps or other Federal agencies are not
eligible for inclusion into the RIP and not eligible for
rehabilitation assistance. Those flood control works
constructed, modified, or repaired with financial assistance from
other Federal agencies (e.g., Bureau of Reclamation, Natural
Resources Conservation Service) are not eligible for assistance,
unless exceptions are granted by Corps of Engineers Headquarters.

e. The project Public Sponsor must furnish items of
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cooperation and assurance prior to any construction work:

(i) Provide without cost to the United States all
lands, easements, barrow lands., and rights-of-way necessary.

(2) Hold and save the United States free from
damages due to the work, exclusive of damages due to negligence
of the United States or its contractor.

(3) Maintain and operate, in a manner satisfactory
to the Chief of Engineers, the entire project after completion.

5. Emerqency Water Assistance. The Corps may provide
portable water to any community confronted with water supply
problems associated with a contaminated water source or drought
conditions. The supply problems must present a substantia!
threat to the public health and welfare of the inhabitants in the
area. The intent of the assistance is to meet minimum public
health, safety, and welfare requirements. This assistance will
supplement state and local relief efforts to supply water for
public health and welfare.

a. Written request required from the state governor or
authorized representative.

b. Contamination, whether deliberate, accidental, or
natura! will be be established by one or more of the following:

(i) Maximum established contaminant levels pursuant
to the Safe Drinking Water Act are exceeded.

(2) Water supply identified as source of illness by
state 6r Federal public health official.

(3) Emergency situation has either resulted in
contaminants entering the source or has made equipment inoperable
to remove the contaminants.

c. Assistance provided for transportation of bulk
water by certified vehicle, smal! diameter pipeline, purchase of
bottled water, or installation of temporary filtration units.
Must be cost effective and meet the need. Also, construction of
wells by competitive bid contract.

d. Assistance provided for 30 days. Extensions
granted with adequate justification and explanation.

e. A drought distressed area is one that the Assistant
Secretary of the Army determines to have an inadequate supply
which is causing, or is likely to cause, substantial threat to
public health and welfare of the area including threat of damage
or loss of property.

6. Hazard Mitigation. The Corps of Engineers supports and
is a member of the FEMA Hazard Mitigation Team.
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PUBLIC LAW 84-99 AS AMENDED
Non-Federal Flood Control Works Rehabilitation Program

A. General Policy

The Corps of Engineers has authority, under PL 84-99, to
repair flood control projects which are damaged by flood. Flood
control projects constructed by non-Federal interests may be
eligible for this diiaster recovery assistance provided that
certain criteria for eligibility and local cooperation are met.
For example, a project constructed by non-Federal interests must
mee~ established Corps quidelines to establish its structural
integrity for flood control purposes. The policy is consistent
with policy and.procedures established by other Federal agencies
for disaster assistance. The policy wil! help insure that the
intent of Executive Order 11988 is ~met.

B. Policy Backqround

In July 1986, the Corps of Engineers revised and standardized
the PL84-99 levee rehabilitation program for structures not
originally constructed by a Federal agency. The program
revisions were intended to provide uniformity throughout the
Corps in establishing requirements for state and !ocal
participation associated with rehabilitation assistance. The
revisions culminated in focusing on development of uniform
eligibility quidelines and requirements for public sponsorship
and local cooperation, to include cost sharing. The revisions
will provide for greater participation by concerned state and
loca! agencies in the Corps non-Federa! flood control project
rehabilitation program. Also, project sponsors are given the
same eligibility requirements nationwide, for promoting local
attention on disaster preparedness and promoting improved levee
design and maintenance, and encourage sound floodplain management
practices.

C. Policy Coordination Between Corps and NCRS

In 1986, the Corps and Soil Conservation Service (NCRS)
signed a Memorandum of Agreement which outlined how the two
agencies would delineate responsibility for repair of levees.
The agencies in general principle that the delineationagreed
would be based upon the area of geoghraphical contributing
drainage. The Corps would be responsible for repairing levees
with drainage areas of 400 square miles or greater with the NCRS
responsible drainage areas less than 400 square, miles. Corps
policy for the repair of levees in the Corps geographic areas
requires that levee sponsors be active participants in the Corps
PL84-99 non-Federal levee rehabilitation program at the time of
the disaster event to be considered eligible for rehabilitation
assistance. Sponsors or private owners that have not applied for

!
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the Corps program and are in the NCRS’s area of responsibility
should seek assistance under NCRS’s Emergency Watershed Program.

D. Corps PL84-99 Non-Federal FCW Rehabilitation Proqram

i. To become eligible for assistance, several steps must be
taken. One very important step the levee owner must take is to
acquire public sponsorship for the flood control structure. The
public sponsor will request the Initial Levee Eligibility
Inspection on behalf-of the levee owner. The sponsor will sign
the Project Cooperation Agreement with the Federal Government in
the event rehabilitation work will be authorized on the levee. A
public sponsor must be a financially, viable identity capable of
fuIfilling operations and maintenance requirements and ensuring
proper stewardship of the Federal investment. The sponsor must
be one of the fol!owing:

* state chartered organization such as a levee board,
reclamation board, flood control district, etc.

* a lega! subdivision of a state or a county
government

* a local unit of government
* a qualified Indian tribe or tribal organization

2. Anothar step in the eligibility process is the
eligibility inspection. This inspection will be conducted by the
Corps to assess the integrity and reliability of your flood
control works. The eligibility inspection will consist of:

* structural and geotechnical analysis
* hydrologic and hydraulic evaluation
* operation and maintenance determinations

The eligibility inspection will be conducted using a rating quide
which provides the inspector with a consistent and accurate
system of inspection. An inspection checklist, based upon the
quidelines, will be filled out at the conclusion of the field
inspection. A copy of this checklist will be provided to the
sponsor on site for his records and a copy retained in the Corps
files. At the conclusion of the eligibility determination
process, the sponsor and owner will receive written notification
of the overall condition of the levee. The levee wil! be rated
as one of the following:

* Acceptable - no work required
* Minimally Acceptable - deficient conditions exist

which should be improved
* Unacceptable - the levee is ineligible for

rehabilitation assistance under PL84-99 unless
corrective action is taken and the levee is
reinspected before any request for assistance is
accepted.

!
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If an unacceptable rating is given, a recommendation for
corrective action will be made by the Corps of Engineers. If the
levee sponsor does not comply with the recommendation and the
levee is mot upgraded to at least the Minimally Acceptable level,
the Corps will mot perform repair work in the event of damage
resulting from a flood. The sponsor should complete the
recommended upgrade work as soon as possible. If the levee is
upgraded to at least the Minimum Acceptable level, the sponsor
must notify the Corps that the corrective work has been
completed. The levee will be reinspected and reinstated in the
program as an active levee. An Unacceptable rated levee is
carried as an inactive levee until corrective work is
accomplished.

¯ he Corps will conduct Continuing Eligibility Inspections
utilizing the Maintenance Compliance Guide for al! flood control
works that in ~an"active" status. Theseare eligibility
subsequent inspections will be for th~ purpose of detecting
significant changes to the levee from the Initial Inspection
which impact the ~ntegrity of the levee. A rating in accordance
with the rating guidelines will be given for each inspection and
will be performed at least once every two years. If the levee
receives an unacceptable rating on these inspection, the levee
will be put in an "inactive" status until the corrective work is
accomplished and the sponsor requests the Corps to perform a re
inspection.

E. Criteria for Corps Assistance

The following criteria must be met for the Corps to repair
Federal and non-Federal f!ood control works.

¯ The Corps will repair federal levees and flood control
works at 100% cost to the federal government. A federal levee or
federal flood contro! works is authorized, constructed by the
Corps, and operated and maintained by a local sponsor.

¯ Requests for Corps assistance in repairing non federal
flood control works must:

¯ Be in an "active" status under the PL84-99 FCW
rehabilitation program.

¯ Be from the public sponsor.
¯ Be economically justified (have a favorable cost

benefit ratio of at least i:i).
¯ Be cost shared 80% federal and 20% public sponsor.
¯ Provide required level of flood protect±on.
¯ Adhere to environmental laws, policies and regulations.
¯ Meet the rehabilitation engineering and maintenance

guidelines prior to the flood event.
¯ Restore flood control Works (FCW) to original pre-flood

conditions.

Attached Exhibit A contains the Eligibility Rating Guidelines,
Policy Summary, and the Project Cooperation Agreement. The
rating quidelines are ~ot intended as an absolute standard, nor

9
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are they intended to establish design standards for non-Federal
flood control works. The guidelines are used to establish
uniform procedures in assigning rating codes to the flood contro!
works.

F. Sacramento-San Joaquin Delta Specific Guidelines

i. In 1987, the Corps implemented additional eligibility
guidelines specifically for the legal delta, as defined by the
California State Water Code Section 12200, dated 1959. The
Delta-exclusive quidelines supplement the National Guidelines
described in paragraphs D and E.

- 2. The minimum quidelines that must be met for the f!ood
control works to be eligible for PL84-99 rehabilitation
consideration are as follows:

* 1.5 feet of levee freeboard above the i00 year flood
stage for all islands/tracts. These are the same 100 year f!ood
stages used for the Flood Hazard Mitigation Plan, Sacramento-San
Joaquin Delta, Disaster Declaration FEMA-758-DR-CA, 1986.

* The levee wil! have a 16 foot crown width with an all
weather patrol road.

* A levee toe drain will be !ocated 30 feet landward from
theland side levee toe.

* The minimum water side slope of the levee wil! be IV:2H.
* The minimum land side slope of the levee will vary with

the levee height and the depth of peat. The levee stability
charts in attached Exhibit B were computed using an idealized
levee section with 5 zones of materials and using a safety factor
of 1.25. Public sponsors whose levees do not fit into these
quidelines may submit data/information prepared by a registered
engineer (geotechnical, soils, civil) that demonstrates their
levees meet or exceed a 1.25 factor of safety. A delta peat
thickness map is included in Exhibit B.

3. Public sponsors may request an evaluation of their non-
Federal flood control works system by providing the following
information to U.S. Army Corps of Engineers, ATTN: Construction-
Operations Division, Readiness Branch, 1325 J Street, Sacramento,
CA 95814-2922. The telephone number is (916) 557-6911 or
557-6913.

!
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EXHIBIT A

ER 500-1-1
11 Mar 91

Rating ¢od~: A- Acceptable Performance Lewl
M- NYmim~y Acc~ptablo ~Performance I2vel
U- Unacceptable Performance Level

ITEM RATING GUIDE

L Level of Prof;~’tlon A- The designed r, ection is for ~m ex.ceedance frequency greater ’than I0~ ,.bane*

(10 yr.) with minimum freeboard of 2 f, et..

M- The designed r,e~on is for ~m e~c~.fre.qu,ncy between 20~ to 10~ chan~
(~!0 yr) ~ith minimum fme.boazd ol; l foot.

U- The designed .~--¢tion is le.~ than the minimum required for an M. rating.

I 2. Erosion Control A- Erosion protection in active areas is capable of handling the designed flow v~locity
for the level of protection for the entire FCW.

Erosion protection is capable of handling the designed flow velocity for the level

i of protection for 75% or more of the FCW’.

U- Erosion protection m~ur~ prote~ le~ than 75% of the FCW; or if
ptote.cdon wa~ not provided and th,re is evidenc~ indicating a ne.e.d for erosion

i
Embankment               A- Ftll material for embankment is suitable to p~nt ~Iides and f, eepage for the

exiting ,ide SlOlX~. Fdl material is uniform ~nd adequately compacted through
the ¢ntire FCW.

Mat,tiM is adequat, and ,uitabIe to prevent major ~li~es and capabM of handling
lo~aIiz~ ~,page for the existing sid, slolx~ l:rdI materiM is uniform and

I adequately ,ore .patted in 75% or more of the FCW’.

U- Material is unsnitable mad likely to cau.se numero~ ~de* and aliow
uncontrolled ~,pagn. l:r, lt material is not mtiform, or there is no compaction

I evidence indicates a ne~ for compaction.

4. Foundation A- Foundation material will not caua~ piping, *and bolls, ~.~pag¢, or scttlement.s
~Lh;.’i~ ,educe d~= i,~�¢t of protection.

Foundation materials may ghow sign~ of exe*.~ive r~.epage, minor ~and boils, and
localiz,d .~ttl,menta.

I Foundation mat,rials arc ut~uitabl¢ and likely to cau.~ ,x~iv~ uncontrolledU-
.~e_~page, *and boils, and piping.

I Figure E-2. Engineering Guide

!
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Figure E-2. Engineering Guide (Cont’d) I

!
TABLE E-2 I

Cross Section Template Data                               ~

Maximum Maximum
Levee Riverward Landward Maximum Top ¯
Material Side-~lope Side-Slope Height Width
Clay IV on 2 1/2H IV on 2 1/2I-I 12 Feet 10 Ft
~d 1V On 3t-I 1V on 4H    1,5 Feet 10 F~

I

2abl.’e E-2 used as a quS.de for the evaJ.uatS.on of sJ.ope s~:abS_J_5.t:y. I
|

I

I
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i ER 500-~1-1¯

11 Mar 91

E-5. Maintenance Compliance Guide. This guide (Figure E-3) is used to assign a
rating for maintenance compliance during the Initial Eligibility Inspection and the
Continuing Eligibility Inspection. The evaluation should reflect the level ofI . maintenance required to insure the intended degree of flood protection and actions
required by the.lllm~/sponsor for a FCW to remain,eligibIe for the rehabilitation
program under PL 84-99.

I           Rating cod~:                  A- Acceptable Performancg Level

M- l~uh~lly Acceptable Performance Level

I U- Unacceptable Performance I_~vel

1TEM .RATING GUIDE

I 2",’.

I, Depr~sions A- Minimal depressions or pothole~, pro1~r drainage.

I M- Some d~pressions that will not pond water.

U- Depressions 6" v~rtical or g;r~ter which endangers the integrity of the

I
2. Erosion A- No erosion ob~zved.

I M- LEVEES: Erosion of l~ve~ crown or slopes that will not in*.ertupt ~ion or
nmint~nanc~ am OTHER: Er~ion gullies l~s than 6 inche~ deep or
deviation of I foot from designed grade or r~cdon.

U- LEVEE: Erosion of l~v~ crown or SlOlX~ that has interrupted ~on or

I mainte~nanc~ acc~s. OTHHR: Erosion gul~es greater than 6 inches or d~-viation
of I foot or more f~om designed grade or ~..ctlon.

I 3. Slope Stability A- ,No.~d~s present, or ~osion of slo1~s more ~ 4" ~.

M- ~r ~ffi~ ~ ~t ~ ~e~ ~ d~ not ~ ~ ~t~
~t to F~ ~t~W. ~ d~ment or b~

U- E~den~ of d~ ~t~ ~d~g (2 ft. ~i~! or ~ter) ~ui~g
~b~h F~ inte~.

~ 4. C~ ’A- No mc~ ~ t~ or lon~tud~ ~on ~ ~ the

M- ~n~tud~ ~ m no lo~r than the I~ heist. No d~la~ment
~

~
bul~n~ No ~ mc~ ~.

U- ~n~tudinal m~ m ~ter thaa I~ heist ~th ~me bu1~ng ~.
T~ mc~ m ~deaL

!
Fibre E-3. Mainten~ce Compli~ce Guide

I
E-9

I
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5. Animal Burrows A- Continuous animal burrow control program that ¢lkninates any act~ burrowing
in a short period of time.                                 .

M- AnimaI bu~ present ~at will not result in seepage or slope stabiEty problems.

U- anima~6urru~ pre~nt/hat ~u[d r~utt ~. ~’~te~.~ oc ao~ ~bmty"
problems..

6. - Unwanted Levee A- No large bnr~h or tree~ exist in the FCW. Crr~coverwr.llmaintained.
Growth CHANNE~ Clk’mnel capacity for designed flows is not affectS.

Minimal tre~ (2".diameter or smaller) and brush cover pxesent that will not
threaten FCW integrity. (NOTE: Tree~ that ha’~ been cut and remov~ f~’om
leve~s ghouId have their roots excavated and the cavity t’dled and compacted with
impervious material). CHANNEl: Channel capacity for d~igned flow~ is not
a~rsely affected.        " -’"

U- Tree, weed and bruah cov~r exist~ in the FCW requ~ng removal to re-establish
or ascertain FCW integrity. (NO’I~ If significant gro~h on l~.,s ex~,
prol~’biting ~ating of other levee inspection items, then the inspection should be
ended until this item is cox’z~ed.) CHANNEL: Channel obstruaions’hav~
impaired the floodway capacity and hydraulic effectiveness.

7. Encroachments A- No trash, debris, excavations, structures, or other obstructions present.

M- Trash, debris, excavations, structu.,~ or other obstructions present or
inappropriate activities occurzing that will not in.’bit operations and maintenance
performance.

U- Trash, debris, excavations, structm~.s or other obstructions pre~nt or
inappropriate activities that w~uld inl~’bit operations and maintenance
performance.

8. Riprap/Revetment A- Existing protection works which is prvpcfly maintained and undamaged.
I

M- No r, couring activity that could undercut ban~, erode embankments, or relict
desired channel flow.

U- Meandering and[or ra:our actMty that is under~tting banks, eroding I
embankments (~ch a~ l~e.es), or impairs chann¢l flows by rau~ing turbulence,
meandering or shoaling.

I
Figure E-3. Maintenance Compliance Guid~ (Cont’d)

I

I
E-10
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Culverts A- [a] No brraks, hole~ erack~ in the ¢alv~ ~t ~ ~
~ter I~ No ~da~ ~ ~t ~d ~t ~ ~t

~] Ne~ d~ or ~t bl~ ~ ~ None
~ent ~t ~ ~ ne~le eff~ ~ ~

M- [a] ~ ~te~ ~ ~ten~ ~ ~ ~ ~ ~
~t but ~ ~ ~ not ~ ~ ~

~ ~ ~ent ~ ~
n~ fl~ ~n~ ~t ~ ~ ~e ~ ~ ~

1~ ~ q~ or de~ to thatch inte~.

~] ~tM d~ or ~emeat ~ ~ ~ ~n ~
~y ~ ~e ~m~o~ ~ ~e ~

Fi~e E-3. M~ten~ce ~mp~ce GNde (~nt’d)

I
i E-11
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13. Gates A- Gates open e~sily and clese to a tight real. Materials do not have permanent
corrosion damage and appear to have historically been maintained adequately.

M- Gates operate but leak when clo~,d, however, leakage quantity is not a threat to
performance. All appurtenances of the facility are in ~ati~ac~ory condition.

U- Gates leak s’i~mtly when closed or don’t operate. Gates and appurtenances
hav~ damag~ wlfich threaten integrity and/or appear not to have been maintained
adequately.

14. -- Closure Stt’tlctu~ A- clesur~ stractur¢ in good rglmir. Placing equipment readily available at all time, s.

U- Clo~uro ~ in poor condition. Parts missing. Placing equipment may not
be available ~thin normal warning time.

1~o Pumps and Motors A- All pumps and motors ar~ operational. P~ventive maintenance is occurring and
~’Tstcm is periodically subject to performance testing.

Mo All pumps ar~ operational and minor discrepancies a,-~ such that pumps could be
¢xpectod to perform through the next projected period of usage.

Uo Pumps arc not operational, or noted discrepancies have not been corrected.

16. Power A- Adequate, raliable, and enougi~ capacity to mc~t demands.

U- Power r, ourc¢ not considered r~Iiable to sustain operation~ during flood condition.

17. Pump Control System A- Operational and maintained fre~ of damage., con’osion or other debris.

]V[- Operational w~th minor dLc~:r~.-pancles.

U- Not operational, or uncorrected noted di.-,cmpanci~.

18. Metallic items A- All metal parts in a plant/building protected from i~rmanent damage from
Trashrack~ fre~from damage/debris and ~ capable of being cl~ared,

if required, during operation. Gate.s operable.

IV[- Corrosion on metal parts appears maintainable. Trash racks free from damage
and minimum debris pre~ent, and capable of being ¢!~.ar~d before next flood event
or dm’ing operation. Gates. operable.

U- Metal parts need replacement. Trash racks damaged, ha~e accumulated debris
that have not been cleared annually or cannot be cleared during operation.

Figure E-3. Maintenance Compliance Guide (Cont’d)

I
E-12
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19. Sumps A- Cl~ar of debris and ob~xx~.ions, and mechanisms arc ~
~ndifion du~ng

M- ~ of I~ deb~ ~d ~or ~io~ p~nt and m~ a~ ~ plac~
to deter fu~her a~mu~ti~ dung ~on.

U- ~ deb~ or major ~t~io~ p~nt in ~mp or no m~han~ ~ to
p~nt deb~ a~mulation du~ng ~mtion.

F̄ibre E-3. Maintenance Compli~c~ Guide (Cont’d)

E-13
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PUMP STATION MAINTENANCE INSPEGTION GUIDE

RATED ITEM EVALUATION

") FOR USE DURING INITIAL EUGIBILITY INSPECTION ONLY
1. Pump Station Size Pump station has adequate capacity (considering pumping capacity, pending

to handle inflow volumes.

FOR USE DURING ALL PUMP STATION INSPECTIONS
2. O&M Manual O&M Manual is present and adequately covers all pertinent areas. (Aor U.)
3. Operating Log Pump Stal~on Operating Log is present and being used. (A or U.
~,. Annual Inspection Anrtual lnspe~on is being performed by the local sponsor. (A or U.)
5. Plant Building A Plant building is in good structural condi~on. No apparent major cracks in

concrete, no subsidence, roof is not lealdng, etc. Intake louvers clean, clear of
debris. Exhaust fans operational and maintained. Safe working environment.

M Spalling and cracking are present, or minimal subsidence is evident, or roof leaks,
or ot~er cond~ons are present that need repair but do not threaten the’~uctural
integrfl:y or stability of the building.

.... U An)~ condition nat does not meet at least Minimum AcceF~,able standards.
6. Pumps A All pumps are operational. Preventive maintenance and lubrication are being

performed. System is periodically subjected to performance test~g. No evidence
of unusua! sounds, cavitation, or v~bratJon.

MAll pumps are operational and deficiencies/minor discrepancies are such that
pumps could be expected to perform through the next expected period of usage.

U One or more primary pumps are not operational, or noted discrepancies have not
been corrected.

7. Motors, Engines, and A All P, ems are operational. Preventive maintenance and lubrication being

)    Gear Reducers
performed. System is periodically subjected to performance testing.

¯ Instrumentation, alarms, and auto shutdowns operational.
M All systems are operational and deficiencies/minor d’~crepancies are such that

pumps could be expected to perform through the next expected period of usage.
U One or more primary motors are not operational, or noted discrepancies have not

, been corrected..
8. Trash Rakes

II~AconditionDrive chain,andbeadngS,propedygearmaintained.reducers, and other components are in good opera, rig

Drive chain, bearings, gear reducers, and o~er components are capable of
performing as designed thro .ugh the ne~ flood event.
Proper opera, on would be Inhibited during the next flood event.

9. Other Metallic Items I ~ All metal parts !n plant/building are protected from permanent damage by
corrosion. Equipment anchors show no rust or deteriora~on.
Corrosion on metallic parts (except e~uiDment anchors) aDl~ears maintainable.
Any cond~on that does not meet at le~s~ Minimum Acceptable standards.

10 insulation Megger ! A Results o~. megger test show that insulation meets-~nufacturer’s orindustry
Testing standard. Test not more than 24 months old.

M Results of megger test show that insulation resistance is lower than manufacturer’.,
or industry standard, but can be corrected w~th proper applica~on of heat.

U Insulation resistance is low enough to cause the equipment to not be able to meet
its design standard of operation.

11 Backup Power ~!j A Adequate, reliable, and enough capacity to meet demands. Required backup

,~i~~
generators are on hand and deemed reliable. Backup units are propedy sized,
opera~ona[, periodically exercised, and maintained in accordance with operating
manual.

, U Power source not considered reliable to sustain ol~erations dudn~l flood cond~on.

E N C-Z- 2-
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PUMP STATION MAINTENANCE INSPECTION GU.IDE

|
RATED iTEM Ui EVALUATION

I ’) 12 Pump Control A Operational and maintained free of damage, corrosion, or other debris.
System M Operational with minor cr~=crepancies.

, or uncorrected discre          from

I 13 Sumps , A Clear of debds and obstructions. Mechanisms are in place to maintain this
condition during operaf~ons.

M Clear of large debts, minor obstruc’dons present. Mechanisms are in place to

I deter any further accumulation dudng operation. Sump will fun~on as.intended.
U Large debris or major obstructions present, or no mechanism exists to prevent

i 14 Intake/Discharge Functional. Electric operators maintained. (A or U.)
Gates.

15 Cranes_ Operational. Inspected and load tested in-accordance with OSHA requirements.

I 16 Telephone communication is.available in the station.Telephone pump Alternatively, two-way
Communications radio, cellular telephone, or similar device is available, or, access to a telephone is

within a reasonable     distance;

I 17 Safety No exf~aust leaks in building. Fuel storage/distribution meets state/local
¯ requirement. Fire e~nguishers on hand, of sufficient quantity, an~ properly

charged. Safetyhardware installed. Required safety ~tems (e.g., aural protectors’~

~ I
used. or U.,

18 Remarks.

I on separate sheel: Yes ~ No ~Continued

GENERAL 1. All ~tems on this guide must be addressed and a rating given.

i INSTRUCTIONS 2. The lowest single rating given will determine the overall rating for the pump
station.
3. A non-Federa~ pump ~-’~ation located behind a Federai levee ~ii be treated as a
separ~-te FCW, ~.-,d ’;.";!! n~t be incorporated into Re Federa~ ~evee proje~.

¯ 4. Add~onal areas for inspection will be incorporated by the inspector into
guide if the layout or physical characteris~cs of the pump station warrant f~is..
Appropriate entries wiil be made In the REMARKS block.

I 5. Rating Codes:
A - Acceptable

:, I

M - Minimally Acceptable
U - Unacceptable

SPECIFIC SECTION I. Pump station must have primary purpose of flood control, not interior
¯ INSTRUCTIONS drainage. District will determine, based on appropriate study, if adequate capac~

iI - - exists. Lack of adeq,uate capacity mandates a determination of Unacceptable.

C--020240
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I

AGREEMENT BETWEEN
ITHE UNITED STATES OF AMERICA

and

FOR REHABILITATION OF FLOOD CONTROL WORKS I
or

FEDERALLY AUTHORIZED HURRICANE OR SHORE PROTECTIVE STRUCTURES !
THIS__AGREEMENT, entered into this day of , 19 , by and

between THE UNITED STATES OF AMERICA (hereinafter called the "Government") represented by Co~mander,                   I

U.S. Army Corps of Engiqeers, , executing

this agreement, and

., (hereinafter called the "Sponsor");

WITNESSETH THAT:

IWHEREAS, Public Law 99, 84th Congress, approved 28 ~une 1955, authorized the Chief of Engineers in the
repair or restoration of any flood control works threatened or destroyed by recent floods, including the
strengthening, raising, extending, or other modification thereof as may be necessary at the discretion of
the Chief of Engineers for the adequate functiu, i.u u~ Lh~work for fioo~ control; in the repair and
restoration of any federally authorized hurricane and shore protective structures damaged or destroyed by "
wind, wave, or water action of other than an ordinary nature when in the discretion of the Chief of
Engineers such repairs and restoration are warranted for the adequate functioning of the structure; and

~IEREAS, the Sponsor has requested in writing, assistance in the repair or restoration of the flood control I
work or federally authorized hurricane or shore protective structure damaged as described by the written
request for assistance, and the Sponsor qualifies for assistance in accordance with the established policies
of the U.S. Amy Corps of Engineers.

NOW, THEREFORE, the parties agree as follows: I

I. The Government will perform the wnrk described in i~v scope of work ~hich is ..,~.-de part of this
agreement.

I~. The Sponsor agrees, that in consideration of the Government providing assistance, to fulfill the
requirement of non’Federal cooperation required by the U.S. Army Corps of Engineers regulations, to wit:

a. Provide without cost to the Government all lands, ease~ents and rights-of-ways necessary for the ¯
repair and restoration of t~e flood control works, and for the use of borrow area andlor.spoil areas. This
provision will also include the access to and fr~ the flood control works or structures, the borrow sites,
and spoil areas.

b. Hold and save the Government free fro~ damages A,,o ......... rer~,, or restoration work, except
damages due to the fault or negligence of the ~overnment or its contractors.

Figure C-2. Sample C&P Agreement For Rehabilitation I
I
I
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c. Be f~ni[iar with the policies and procedures of the U.S. Army Corps of Engineers Inspection
PrOton, ~ntiCil~ta in the pr~ram’s peri~ic ir~l~ti~, aM a~intMn with~t cost to the Gover~t the
ft~ c~tro[ ~rk in a mawr satisfacto~ to the Gover=t aM in accordar~e with the prescri~
regutati~ of the I~ti~’Pr~r~.

d. Give the Gover~t a right to ~ter, at feasible t~s a~ ~n a reas~bte ~r, ~ la~
~ich the S~or ~ o~ c~trSts, for access to the f[~ c~rot ~orks or str~ures for the ~se of
~ns~cti~.

The S~nsor further agrees to: (A~ as a~(~cable)

a. C~tr~te, as the s~sor~s cost share, the ~t a~ ~th~ of c~tr~t~ as s~f~ ~n the
attach~t S~or’s Cost Share Esthete a~ Meth~ of C~tr~ti~.

b.

4. This agreen~.n~ts retmMns in effect indefinitely. Termination of this agreement wilt be aut~tic
the S~or ~s r~v~ fr~ the U.S.
c~lia~e with the ~(icies a~ pr~res of the I~t{~ Pr~r~.

5 ~ ATTACHMENTS:

a. E~ib~t A - ~r~tt~ r~st for assista~e fr~ the S~or.
b. E~ib~t B - Gover~t Sc~ of ~ork.
c. E~ib{t C - S~or Cost Share Esthete a~ Meth~ of C~tri~ti~.

6. IN ~T~ESS ~HEREOF: the ~rt~es hereto have ex~ut~ th~s agre~nt of the ~y a~ year f~rst a~ve
wr ~ tten.

THE UNITED STATES OF ~ERI~

I (Sigr~ature)

i
’(Title)

Ack~ress:

I
I

Figure C-2. Sample C&P Agreement For Rehabilitation (Cont’d)
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Sacramento-San Joaquin Legal Delta
PL84 -99

Agricultural and Urban Island.Stability
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Sacramento- San Joaq~iifl" .Legal Delt~
PL84 -99

Agricul~ural and Urban Island..Stabii!ty.
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Sacramento-Sign doaquin Legit! Delta
PL84-99

Agricultural and Urban lsla.nd Sta.bility

1 (V) ON 4 (H) LANDSIDE SLOPE
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APPENDIX B

COST ESTIMATE BACKUP AND REPORT

NOTE:

Appendix B contains a summary of the Cost Estimate. The complete cost estimate and all the backup
data are available under separate cover. The backup data includes levee cross-section data in
AUTOCAD format. The cross-sections are available on CD. To obtain the complete cost estimate
and all the backup data, contact CALFED’s Project Manager for the Levee System Integrity
Program.
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I CALFED LEVEE REHABILITATION STUDY

i
INTRODUCTION

I
CALFED has chosen the levee standards established for the Delta under Public Law 84-99 (PL-
99) as the minimum level of protection for system integrity. This study inventories the levees

I within the legal Delta not meeting the PL-99 standard and estimates quantities and costs required

to rehabilitate these levees.

!
I SCOPE OF STUDY

The study includes three main components: an inventory of the levees not meeting the PL-99

standard, quantity and cost estimates to meet the standard, and an evaluation and estimated cost

i for the associated land, easements, rights of way, relocations and disposal (LERRD ’s) required

to perform the levee rehabilitation.

I Generally, the levees not meeting the PL-99 standard consist of the non-project levees in the
Delta (Figure 1). Unless there was specific knowledge of site conditions, project levees were

i assumed to meet the PL-99 standard. The inventory attempts to identify a complete listing of
levee districts and associated levee miles not meeting the standard. In addition, the inventory

I identifies levees which meet the geometric standard but experience significant seepage during
high water.

I Quantity and cost estimates were based on a comparison of the design levee standard geometry
as set forth in PL-99, to the existing levee configuration. Data used for these levee rehabilitation

i cost estimates included actual levee data from 60% of the existing non-project levee districts,
representing 69% of the total mileage of substandard levees. The results of the estimates using

I actual data were then used to extrapolate the same information for islands where actual data was
not available (Figure 2).

I          Finally, the study evaluated an estimated cost for the LERRD’s associated with the levee

rehabilitation. Generally, the required levee improvements extend from the levee toe landward
I existing private property, addition, improvements impact existinginto the levee

I
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!
infrastructure which ’must be evaluated and costs estimated for work to move or replace the

infrastructure. Components of this infrastructure include pumps and siphons, utility lines and
Ipoles, seepage and irrigation ditches and buildings. The LERRD’s also include easement

acquisition for the additional levee section. The results of this study are summarized on Table 1.

I

STUDY DETAILS I

I
The study estimates the quantity and cost required to obtain the PL-99 standards for 55 islands or[]
levee districts totaling 521.2 miles of levee. Improvement costs, based on fill and roadway

estimates, were used to project other costs associated with levee projects such as engineering,1
environmental and regulatory. Described below are details regarding the components oft_he cost

estimates.

Fill Quantity Estimates I

The basis for establishing fill quantity required to meet the PL-99 standards is establishment

of the standard levee section for a particular levee in the Delta. PL-99 simplifies its standard

by requiring freeboard of 1.5’ above the 100-3)ear flood elevation, a 16’ wide crown, a 2

(horizontal)-to-1 (vertical) waterside slope and a variable landside slope based on the levee

height and estimated depth of organic material in the foundation. This varying landside slope

ranges between 3:1 to 5:1 (Figure 3). Organic material depths were taken from the

Department of Water Resources’ map entitled, "Organic Isopach Map", October 18, 1976.

Flood elevations we.re from the Corps of Engineers’ report entitled, "Sacramento/San Joaquin
Delta California Special Study Documentation Report", dated March 1993. Levee heights

were computed from actual levee survey data.

Fifty-five of the Delta islands were found to not meet the PL-99 standards. Actual survey data

from 32 of these islands was used for the cost estimates. These 32 islands represent 352 miles

or 68% o f the 521.2 miles o f levee providing less than PL-99 level o f protection. These

survey data were obtained directly from the districts. At a minimum, cross sections were

taken at 1,000’ intervals. Using this data and superimposing the required PL-99 standard

yields the "neat" fill requirements at each section. The average end method was then used to

estimate the fill along the levee between each cross section.

The "neat" fill estimates were the basis for the Delta levee rehabilitation. The "neat" fill

estimates were increased by 100% to account for losses associated with this type of work.

Murray, Burns & Kienlen
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Losses amounting to 150% of the "neat" fill requirement were applied where the levee still

appears to be experiencing significant foundation consolidation. Islands where this is

occurring include Sherman, Twitchell, Empire, Bouldin, Tyler and Webb Tract. Much of the

loss associated with levee rehabilitation on Delta islands is attributable to consolidation of
organic material, consolidation of loosely compacted fill and accuracy of this survey data.

Estimated fill based on the above factors is shown on Table 1.

The rehabilitated levee section will require replacement of existing access ramps. These

ramps require approximately 1,000 cubic yards (cy) of fill material. Where the number of

ramps was known, the corresponding additional fill material was added to the cross-section

quantity estimates. Where the number of ramps was not known, an average of three ramps per

levee mile was used to estimate the fill requirement needed for replacement of access ramps.

Detailed survey cross-sections were not obtained for 23 levee districts. The fill requirements
to meet the PL-99 standard were extrapolated based on values estimated using detailed

information. Five categories of fill requirement ranging from 5,000 cy to 100,000 cy per mile

were used. Based on knowledge of the 23 districts, each was assigned the category which

most nearly represented its need for levee material.

Roadway Quantity Estimates

When raising and widening a levee, the gravel roadway is destroyed. Therefore, quantity

estimates were made to replace the roadway under the CALFED system integrity program.

Gravel was assumed to be 6-inches by 16-feet for the general levee section. For levees which

currently support a county road, the roadway was designed as 6-inches by 24-feet of gravel

subgrade covered by a 20 foot wide triple chip seal.

Cost Estimates

Based on fill and roadway quantity estimates, cost estimates were calculated using high and

low unit prices fi:om actual Delta levee projects. Delta levee work experiences a great

variance in cost due to factors such as proximity to borrow material, accessibility of the

project, condition of access roads and workload of local contractors. It is anticipated that a

program as extensive as the CALFED will generate new markets which don’t currently exist,

I
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thus keeping the levee costs to a minimum. For the sake of this study, the improvement costs

were left to range between low and high.

Additional Costs

Levee improvement includes an army of costs to account for services required to plan and

construct a project. Based as a percentage of the subtotal of the fill and roadway cost

estimates, the following costs were included:

¯ Engineering Planning and Design: $10,000 + 5% to $10,0!30 + 8%
¯ Geotechnical Analysis: 5% to 8%
¯ Construction Inspection and Contract Administration: 5% to 8%
¯ Environmental and Regulatory: 5% to 8%
¯ CMARP: 1%
¯ Erosion Protection for Newly Placed Fill: 8%
¯ Environmental Mitigation: 15%
¯ Ongoing Repair: 25%
¯ Overall Contingency to Account for Unforeseen Costs: 20%

Seepage Repair

Although most federally reconstructed project levees in the Delta meet or exceed the PL-99

geometric standard, there are several locations where the sand composition of the levees

causes a threat of seepage and piping of material during high water. This seepage could lead
to a reduction in the factor of safety, diminishing the level of protection. The bulk of these

levees are located along the San Joaquin River Channel upstream of Stockton. Several areas

have also been noted along the Sacramento River and Georgian Slough. The total mileage

where this type of repair is required was estimated based on accounts during the January 1997

floods. Cost estimates to repair this type of problem were based on costs estimated by the

Corps of Engineers to repair levees along the San Joaquin River at Reclamation District No.

17 (Figure 4). It was assumed 33% of a district’s levee system, where seepage has been a

problem, would have to be repaired. Table 2 summarizes seepage repair estimates.

Lands, Easements, Rights of Way, Relocations and Disposal (LERRD’S)
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The third component of the study was to evaluate the cost of LERRD’s resulting from the
CALFED System Integrity Program. As described above, a rehabilitation as extensive as
CALFED’s program will impact existing infrastructure. Widening of the levees will encroach
upon existing private property (Figure 5). Therefore, cost estimates were made to acquire
easements for the existing land required due to the levee rehabilitation, and to move or replace
existing infrastructure. This infrastructure includes irrigation and drainage pipes and pumping
plants, power poles, homes and ditches. These estimates were based on recent experience of a
similar type project performed on the levees surrounding the Stockton Metropolitan Area
(Table 3).

Based on the above, the total costs of the levee rehabilitation program is estimated to range
from $613 million to $1.28 billion. The range is based on the uncertainty regarding location
and cost of levee fill material. The breakdown for the costs, as shown on Tables 1-3, is as
follows:

Low I-Ligh

PL-99 Improvement Cost $ 356,970,324 $1,023,686,285

Seepage Repair $164,229,790 $164,229,790

LERRD’s $ 92,028,000 $ 92,028,000

$ 613,228,114 $1,279,944,075

These costs include acquisition of easements over 3,419 acres for the PL-99 improvement and
1,209 acres for the seepage repair.

!
GC/tr/mv
ge~0831982

!
!
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CALFED Levee Rehabilitation Study: Borrow Material

Introduction

The CALFED Levee Rehabilitation Study has not taken a detailed look into the
borrow material sources to meet demand required to complete the levee program
improvements. However, the cost range used ($7 to $20 per cubic yard) in development
of the cost estimates was chosen to cover the range of borrow source which could be
used. The prices reflect material available very near the levee work (on-island) or
imported from a distant commercial source. Future studies should determine which
source would best accommodate the required levee improvements on each island and
better define the cost estimate.

As the Study describes, required borrow material could approach 25 million cubic
yards. This quantity is equal to 15,500 acre-feet, or fill from a 1-foot deep cut overl5,500
acres in area. In addition, the Levee Program will require an undetermined amount of fill
for subsidence and habitat restoration. Described below are the various sources for
borrow material required to complete the levee improvements.

On-Island Borrow

On-island borrow is the least expensive and most convenient source of material.
It also creates the opportunity for development of wetlands following excavation of levee
material.

For estimating purposes, the Study used $7 per cubic yard of on-island borrow. In
actuality, large on-island borrow projects have been as low as $4 per cubic yard.
Although the Delta is known for its peat soils, there are many islands where enough
mineral soil exists to complete the required improvements. These islands are generally
outside the central Delta. The availability of this kind of material is limited to the islands
that rim the Delta and islands located in southeastern Contra Costa County. A cursory
review of the Delta indicates that at least 25 reclamation districts may have available
material located within their boundaries. Mining permits can also be obtained which
could allow export of material to neighboring borrow-deficient islands.

On-island borrow pits can be reclaimed for farming if the depth of cut is limited
(generally 2-feet, or less). However, in order to keep the aerial extent of the borrow pit
low, a deeper cut is the norm. During excavation it may be necessary to pull the water
table down by use of pumps. Following completion of the project, the water table
rebounds, creating a permanent wetland. Deep cutting is an extremely efficient use of
land. A single acre cut to a depth of six feet can produce over 9,600 cubic yards of
material.

C--020259
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Channel Dredging and Beneficial Reuse

Historically, the Delta islands were reclaimed and maintained predominately by
channel dredging. This method has diminished in use over the last 20 years due to
increased regulatory constraints and lack of material replenishment. Generally, in the

of the Delta influenced channels have been theirmostby tides, dredgedto
maximum extent. The rate of accretion in these areas is very low. In areas along the
mainstem of Delta tributary rivers, accretion is still occurring, to the point that it is
impacting flood control and navigation.

We have not made an estimate of available dredge material. However, the 1990
DWR Draft EIR/EIS for the North Delta Program estimated that 6.5 million cubic yards
of material are available from dredging of the North and South Forks of the Mokelumne
River for flood control purposes. Although similar studies have not been performed on
the San Joaquin River, eyewitness accounts, and effects of the 1997 flood indicate that
those channels will require dredging for flood control purposes.

Beneficial reuse of dredge material is the term used when discussing levee
improvements using dredge material acquired from maintenance dredging of navigation
channels, or ports. Use of this material on Delta levees has the potential of being a great
benefit to navigation and levee maintenance. Currently, regulatory uncertainty and
available less expensive means of disposal have held the use of this method to a
minimum. However, based on the time frame that CALFED envisions for
implementation of the levee program, this method should become much more feasible in.
the future.

Import Fill

fill refers and of fill material fromImport toacquisition transportation sources
outside the boundaries of a reclamation district. This method is generally the highest cost
of fill material, but there is an ample supply of these sources in and around the Delta.

A recent study performed for the San Joaquin Area Flood Control Agency found
that there are over 30 commercial sources of material within a 30-mile radius of Stockton.
A similar study around the remainder of the Delta would surely produce many

additional sources.

The upper end of the fill material cost range ($20 per cubic yard) accounted for
import fill. Therefore, even though it is costly and would be utilized as a last resort, its
use has been taken into account. It also appears there is plenty of import material
available. In addition, the demand generated by the CALFED levee program will tend to
drive down the current price of this material.
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New Markets and Available Opportunities

magnitude of funding required to produce the levee improvements envisionedThe
in the CALFED Levee Program will generate new markets in the area of available
material. Not only will there be private entities looking to benefit from mining of
material, but public agencies and environmental interests will also take advantage of the
opporttmity. A recent flood control project involving the levees around the Stockton area
utilized fill generated by excavation of ponds necessary to detain local flood waters. This
type of opportunity will repeat itself in the future since the communities surrounding the
Delta are experiencing rapid growth. As stated above, excavation of material also
produces adequate ground levels for development of permanent wetlands.

Conclusion

Although no definitive studies have been performed to pinpoint sources of
material for the CALFED Levee Program, the material presented herein indicates that the
material exists in, or near, the Delta. Moreover, the current cost estimate range includes,
as its upper end, the possibility that import fill may be required to complete the levee
improvements.
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Sacramento-San Joaquin Delta, California
Levee Rehabilitation Study

Total Fill
District Levee Miles Volume Estimated PL-99 Improvement Cost
Number Reclafaation District Project Non-Project Tot~l (yd~) Low High

556 ~ Andrus Island, Upper 11.2 0.6 11.8 30,000 $517,290 $1,408,450
2126 = Atlas Tract 0.0 1.9 !.9 57,000 $927,394 $2,631,1 ] 1
2028 Bacon Island 0.0 14.3 14.3 1,420,443 $20,712,541 $60,697,769

z. Bear Creek 46.5 0.0 46.5 0 50 $0
z Befl~ny 0.0 0 $0 $0

Bethel Island ~ 0.0 I 1.5 11.5 230,634 $4,188,633 $ l 1,473,059
2042 2 Bishop Tract 0.0 5.8 5.8 0 $0 $0

2 Bishop Tract, ~ 0.0 0 $0 $0
2121 2 Bixler 0.0 2.3 2.3 0 $0 $0
404 2 Bop (Mo~s) Tract 4.0 1.2 5.2 0 $0 $0

2 Borrow Pond Area 0.0 0 $0 $0
756 Bouldin Island 0.0 18.0 18.0 2A54,122 $33,917,002 $I01A65,550

2033 Brack Tract 0.0 I0.8 I0.8 246,291 $4,!62,288 $11,645 933
2059 Bradford Island 0.0 7.4 7.4 797,028 $I 1,222,624 $33,430 057

317, 407 & 2067 Brannan-Andrus LMD 19.3 I0.1 29.4 1,260,711 $19,147,841 $54,942,188
2 Browns Island 0.0 0 $0 $0

800 2 Byron Tract 0.0 9.7 9.7 0 $0 $0
2098 z Cache Haas 12.1 0.0 12.1 0 $0 $0
2086 Canal Ranch 0.0 7.5 7.5 511 350 $7,374,253 $21,731,3 ] 7

~ Chipps Island 0.0 0 $0 $0
2 Clifton Court 0.0 0 $0 $0
2 Collinsville 0.0 0 $0 $0

._ 21 ] 7 Cone), Island 0.0 5.4 5.4 37,477 $1,004,522 $2,428,368
2111 = Dead Horse Island 0.0 2.6 2.6 ]3,258 $384,338 $915,177

2 Decker 0.0 0 $0 $0
~ Delta-Mendota 0.0 0 $0 $0
I Drexler Island 0.0 4.0 4.0 20r000 $614,I78 $1~495,435

536 ~ E,gb~n Tract 14.0 0.0 14.0 0 $0 $0
813 2 Ehrheart 2.0 6.0 8.0 0 $0 $0
2029 Empire Tract 0.0 10.5 I0.5 1,093,053 $15,737 352 $46,227,173
773 ~ Fabian Tract 0.0 18.8 18.8 188,000 $4,541,103 $11,439,905

2113 I Fay Island 0.0 1.6 1.6 8,026 $240,435 $569,585
t002 ~ Glanville Tract 0.0 13.0 13.0 65,099 $2,335 317 $5,292,676
765 ~ Glide 1.7 4.0 5.7 0 $0 $0
3 ~ Or’and Island 29.0 0.0 29.0 0 $0 $0

1609 2 Harw-ys 0.0 0 $0 $0
2060 2 Ha~n~s Tract 16.0 0.0 16.0 0 $0 $0
999 2 Holland Land 27.0 5.8 32.8 0 $0 $0

2025 Holland Tract 0.0 10.9 10.9 182,612 $3,816~975 $9,912,258
2116 ~ Holt Station 0.0 0.4 0.4 0 $0 $0
799 t Hotchkiss Tract 0.0 6.3 6.3 121,248 $2,371,992 $6,406,959
830 I Jerse), Island 0.0 ]5.6 15.6 468,000 $7,527,3]9 $21,485,215

2038 JonesTraet Lower 0.0 8.8 8.8 173 847 $3,283,897 58,908,588
2039 Jones Tract, Upper 0.0 9.3 9.3 32,586 $866,491 $2,142,417
2085 ~ Kasson 6.2 6.2 0 $0 $0

~ Kimball Island 0.0 0 $0 $0
2044 Kin[~ Island 0.0 9.0 9.0 276,103 $4,483,102 $12,688,246
369 ~ Libby MeNeit 1.0 0.7 1.7 66,000 $98t,195 $2r864,665

2093 2 Libm~ Island 0.0 20.5 20.5 0 $0 $0
1608 ~ Lincoln Villal~e West 0.0 4.0 4.0 0 $0 $0
307 ~ Lisbon 7.8 5.2 13.0 0 $0 $0

2084 2 Little El[l~rt Tract 0.0 7.0 7.0 0 $0 $0
2 Little Franks Tract 0.0 0 $0 $0

2118 I Little Mandeville 0.0 4.5 4.5 450~000 $6,348,833 $18,876~664.
: Los Medanos 0.0 0 $0 $0
2 Maintenance Area 9 ! 9.6 0.0 19.6 0 $0 $0

2027 Mandeville Island 0.0 14.3 14.3 502,358 $7,789,541 $22,407,366
2110 t McCormack-Wflliamson Tract 0.0 8.8 8.8 525,000 $7,696,924 $22,600,613
2030 McDonald Island 0.0 13.7 13.7 98,170 $2,482,325 $6,316,103
2075 z McMullin 7.4 0.0 7.4 0 $0 $0
2041 Medford Island 0.0 5.9 5.9 453,667 $6,494,287 $19~ 197~006
150 z Merritt Island 18.1 0.0 18.1 0 $0 $0

2021 ~ Mildred Is]and 0.0 7.3 7.3 0 $0 $0
z Montezuma Hats 0.0 0 $0 $0
2 Montezuma Island 0.0 0 $0 $0

2107 2 Mossdale 2 4.2 0.0 4.2 0 $0 $0
17 2 Mossdale Tract 14.0 0.0 14.0 0 $0 $0

1007 t Nal~lee Burke Tract 0.0 8.3 8.3 83,000 $1,813 377 $4,762 587
348 New Hope Tract 0.0 18.6 18.6 291,322 $4,928,678 $13,860,672

Murray, Burns ~nd Kie~len Page 1 of 2
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Sacramento-San Joaquin Delta, California
Levee Rehabilitation Study

Total F~I
District L~vee Miles Volume Estimated PL-99 Improvement Cost

Number Reclamation District lh~ject Non-Project Total (yd~) Low High

20akle~ 0,0 0 $0 $0
2024 Orwood Tract 0. 0 ! 0. 9 l 0.9 12,633 $729,834 $1,640,042
2036 Palm Tract 0.0 7.5 7.5 199,301 $3,298,313 $9,338,080
2095 2 Paradise 4.0 0.0 4.0 0 $0 $0
2058 ~ Pescadero Tract 6.7 2.2 8.9 43,340 $1,325,842 $3,248,954
2104 2 Peters 7.4 0.0 7.4 0 $0 $0
551 2 Pierson District 8.4 7.0 15.4 0 $0 $0
1667 ~ Prosl~ect Island 2.9 7.1 10.0 0 $0 $0
2090 Quimb}, Island 0.0 7.0 7.0 426,462 $6,244,751 $18,343,567
755 ~ Randall 1.9 0.0 1.9 0 $0 $0

2037 Rindg~ Tract 0.0 15.7 15.7 520,276 $8,310,102 $23,847,863
2114 z Rio BlancoTraet 0.0 4.0 4.0 0 $0 $0
2064 2 River Junction 11.6 0.0 11.6 0 $0 $0

_̄ 524 ~ Robert Island, Middle 6.1 3.7 9.8 63,447 51,932,828 $4,741,046
684 Roberts Island, Lower 0.0 16.0 16.0 43,689 $1,824,462 $4,259,136
544 t Roberts Island, Upper 10.6 4.4 15.0 88,068 $2,678,112 $6,574,274

2 Rough and Ready Island 0.0 6.7 6.7 0 S0 $0
501 2 Ryer Island 20.6 0.0 20.6 0 $0 $0

z Sacramento Deepwater 0.0 0 $0 $0
2074 2 Sargent Barnhart Tract 1.5 2.8 4.3 0 $0 $0
34 ! Sherman Island 9.7 9.8 19.5 321,559 $5,778,494 $15,639,373

2 Sherman Island, West 0.0 0 $0 $0
21 ! 5 Shima Tract 0.0 6.6 6.6 41,563 $1,142,313 $2,853 ,331

~ Shin Kee Tract 0.0 3.9 3.9 360,000 $5,079,744 S15,099,31 l
2 SJCFCD Five Mile Slough 0.0 0 $0 $0
2 SJCFCD Fourt~n Mile Slough 0.0 0 $0 $0
~ SJCFCD Mosber Slou~h 0.0 0 $0 $0

1614 ~ Smith Tract 6.0 2.8 8.8 0 $0 $0
~ Spinner Island 0.0 0 $0 $0

2089 2 Stark 2.9 0.7 3.6 0 $0 $0
38 Staten Island 0.0 25.4 25.4 921,949 $14,349~298 $41,373,293

2062 2 Stewart Tract 12.3 0.0 12.3 0 $0 $0
349 2 Sutter Island 12.5 0.0 12.5 0 $0 $0
548 = Tcrminous Tract 0.0 16.1 16.1 1,262,330 $18,495,932 $54,337,453

2108 ~ Tinsle~ 0.0 0 $0 $0
1601 Twiteh¢ll Island 2.5 9.3 11.8 1,291,084 $18,588,176 $54,670,526
563 Tyler Island 12.2 10.7 22.9 2,863,563 $41,800,546 $121,994,769
1 Union Island~ East 1.0 13.0 14.0 0 $0 $0
2 ~ Union Istand, West 0.0 16.2 16.2 80,492 $2,6II,017 $6,240,156

1607 z Van Sielde Island 0.0 3.8 3.8 380,000 $5,357,353 $15,925,323
2065 Veale Tract 0.0 5.7 5.7 21,243 $718,854 $1,721,402
2023 t Venice Island 0.0 I2.3 12.3 123,977 $2,668,367 $7,001,564
2040 = Victoria Island 0.0 15.1 15.1 150,775 $3,316,281 $8,735,545
554 z Walnut Grove 1.0 1.2 2.2 0 $0 $0

2094 2 Walthall 3.3 0.0 3.3 0 $0 $0
2026 Webb Tract 0.0 12.8 12.8 606,166 $9,042,328 $26,322,968
828 2 Weber 0.0 1.2 1.2 0 $0 $0

~ West Island 0.0 0 $0 $0
900 2 West Sacramento I2.0 1.3 13.3 0 $0 $0

2096 2 Wetherbee 0.2 0.0 0.2 0 $0 $0
2122 = Winter Island 0.0 4.8 4.8 480,000 $6,765,248 $20,115,682
2072 Woodward Island 0.0 8.8 8.8 323,327 $5,042,183 $14,524,929
2119 Wright-Elmwood Tract 0.0 6.8 6.8 82~516 $1,957,902 . $4,9 I4,584
2068 ~ Yolano 8.7 0.0 8.7 0 $0 $0

2 Yolo Bypass Unit 4 3.6 0.0 3.6 0 $0 $0

430.6 635.2 1065.8 ~2,864,165 $.356,970,324 $1,023,686,285

2 Pro#aL¢vc~M~.aorK’,a==~gL~.99=clqoa-L~Levee Miles

Districts       Project     Non-Project

Detailed Quantity Estimates 32 44.7 352.0
Exn’apoJated Values 2~ 35.6 169.2

Proj¢ct Levee, Meets or Exceeds PL84-99 or Non-L,cve¢ 69 350.3 I 14.0

124 430.6 635.2

Murray, Burns and Kienlen Page 2 of 2
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i Sacramento - Joaquin Delta,San California
Levee Rehabilitation Study

Seepage Control

l               Reclamation              Name of             Mobilization/Demo     Berm Drain Rock    Berm Material     Geotextile          Tota!

District No. Island/Tract

i 317, 407 & 2067 Brannan-Andrus Island $150,000 $21,318,528 $2,! 73,248 $3,622,080 $27,263,856

3 Grand Island $150,000 $21,028,480 $2,143,680 $3,572,800 $26,894~960

2025 Holland Tract $150,000 $7,903,808 $805,728 $ 1,342,880 $10,202,4 ! 6

2075 McMullin Ranch $150,000 $5,365,888 $547 008 $911,680 $6,974,576

2107 Mossdale 2 $150,000 $3,045,504 $310,464 $517r440 $4,023,40~

17 Mossdale Tract $150,000 $10,151,680 $1,034,880 $ 1,724,800 $13,061,360

2095 Paradise $I 50,000 $2,900,480 $295,680 $492,800 $3,838,960

I 2058 Pescadero Tract $150 000 $6,453,568 $657,888 $ ! ,096,480 $8,357,936

2064 River J unction $150 000 $8,411,392 $857,472 $ 1,429,120 $10,847,984

684 Roberts Island, Lower $150,000 $ I 1,601,920 $1,182,720 $1,971,200 $14,905,840

I 524 Roberts Island, M iddle $150,000 $7,106,176 $724,416 $1,207,360 $9,187,952

544 Roberts Island, Upper $150 000 $10,876,800 $I,108,800 $1,848,000 $13,983,600

2062 Stewart Tract $150~000 $8,918~976 $909 216 $1,515,360 $11 493,552

2094 Walthall $150,000 $2,392,896 $243,936 $406,560 $3,193,392

I SEEPAGE CONTROL GRAND TOTAL: $164,229,790

I
I
1
1

I Page 1 1
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Sacramento - San Joaquin Delta, California
Lands, Easements, Right of Ways, Relocations & Disposals

~ERRDS)

Reclamation Name of Negotiation Land Toe Drain Siphons Powm- Poles Land (seepage) Total LERRDS
District No. Island/Tract (�o=x =t.) (cost �=.1 (,:o~ ==t.) (~ e~) (eo~t ~-~) ~e=t ~=t.) (e~t

556 Andrus Island, Upper $15r000 $8,000 $5~000 $15,000 $100,000 $0 $143,000
2126 Atlas Tract $90,000 $32,000 $20,0000 $60,000 $100r000 $0 $302,000 ¯
2028 Bacon Island $405,000 $396~000 $151 000 . $975,000 $100 000 $0 $2~027,000

Bethel Island MID $10,230,000 $10~259,000 $122,000 $345,000 $! 00,0.00 $0 $21,056,000
756 Bouldin Island $105~000 . $.435,000 $190,000 $795,000 $125,000 $0 $1,650,000

2033 Brack Tract $225,000 $224,000 $122r000 $300r000 $100~ .000 $0 .. . $97 I~000 ¯
2059 Bradford Island $915~000 $212,000 $78,000 $120,000 $/O0fl00 $0 $1,425,000

317, 407 & 2067 Bratman-Andrus LMD $3~330,000 $219,000 $136,000 $,390,000 $100,000 $136,000 $4375,000
2086 Canal Ranch $105,000 $257 000 . $102,000 $315,000 $100,000 $0 $879,000
2117 Coney Island $30,000 $92,000 $57,000 $75,000 $100,000 $0 $354,000 ¯

_. 211 I Dead Horse Island $60 000 $51,000 $28,000 $105,000 $100,000 $0 $344,000

_ Drexler Island $90r000 $68~000 $42,000 $120,000 $100,000 $0 $420,000
2029 Empire Tract $255,000 $275,000 $IIir000 $705fl00 $100,000 $0 $I~446r000
773 Fabian Tract $435,000 $319~000 $199~000 $570,000 $130~000 $0 $I~653,000

2113 Fay Island

$45t000r

$31~000 $17,000 $45~000 $100,000 $0 $238,000
1002 Glanville Tract $255,000 $253,000 $137,000 $30,000 $100,000 $0 $775~000
3 Grand Island $2,175,000 $0 $0 $870~000 $100,000 $ I~406fl00 $3~145,000 ¯

2025 Holland Tract $435,000 $9_23 000 $116,000 $360,000 $100,000 $103,000 $1~234,000

_ ?9_9 Hotchkiss Tract $375,000 $2,310r000 $94,000 $570,000 $100,000 $0 $3~449~000
830 t Jersey Island $315fl00 5265~000 $165,000 $465fl00 $105000 $0 $I,315,000
2038 . Jones Tuact, Lower $180,000 $162r000 $95~000 $330,000 $100~000 $0 $867,000 ¯
2039 Jones Tract, Upper $120,000 ~85,000 .$53,000 $255,000 $100,000 $0 $613,000
20~-4 King Island $180,000 $207,000 $96,000 $615,000 $100,000 $0 $._1~
369 ~ Libby McNeil $15,000 $19~000 $12r000 $30,000 $100~000 $0 $176 000
2118 ~ LittleMundeville $15,000 $76,000 $48,000 $90,000 $100,000 $0 .... $329~000 ¯
2027 M~ndeville Island $105,000 $275,000 $150,000 ~300,.000 .... $~ 00~000 $0 $930,000
2110 ~ MeCormack-Williamson Tract $660,000 $427~000 $93,000 $264,000 $100,000 $0 $1.r544~000
2030 McDonald Island $150~000 $247,000 $145,000 $450,000 $100,000 $0 $I,092~000
~075 t McMul/in Ranch $555,000 $0 $0 $222,000 $100,000 $359,000 $877,000 ¯

... 204] Medford Island $60,000 5!20,000 .$62,000 $150,000 $100,000 $0 $492,000
2107 t Mossdale 2 $315~000 $0 $0 $126~000 $100,000 $204~000 $541,000
17 Mossdale Tract $1r050,000 $0 $0 $420,000 $100,000 $679,000 $I~570~000 1

1007 Naglee Burke $180,000 $I41,000 $88,000 $255,000 $1001000 $0 $764~00_~0
348 New Hope Tract $645~000 $3 I6,000 $197,000 5555,000 S130~000 .. $0 $1fl43,000

2024 Orwood Tract $225,000 $108,000 $67,000 $195,000 $100,000 $0 $695~000
_ 2036 Palm Tract $30,000 $134,000 $83,000 $240,000 $100,000 $0 $587~000 ¯

2095 Paradise $300,000 $0 $0 $120,000 $100,000 $194,000 $520.~000
2058 ~ Peseadero Tract 5180r000 5147~000 $92~000 $I50,000 $I00,000 $91,000 $669,000
2090 Quimb~’ Island $30~000 $135~000 $74~000 $90,000 Sl 00,000 $0 $429,000
2037 RindlJe Tract $240~000 $329~000 $167~000 $1,005,000 $110,000 $0 $I,851~000 ¯
2064 River Junction 5870,000 $0 $0 $348r000 $100,000 5562,000 $ ! ,318 000
684 Rol~rt~ Island, Lower 5780,000 $25],000 $156,000 $795,000 $I 00~000 $155~000 $2,082,000
524 Roberts Island, Middle $255,000 $215,000 $134,000 $255,000 $I00~000 $133~000 5959,000
544 Robeas Island, Upper $360~000 $299,000 $186,000 $360~000 $120~000 $185~000 $1,325~000 ¯
34t Sherman Island $1,440,000 $329 000 $205,000 $585~000 5135~000 $0 $2f!94 000

2115 Shima Tract 560,000 $I11,000 $69,000 $120~000 ~100~000 .... $0 . $460,000
Shin Kee Tract $15,000 $61~000 $38,000 $105~000 5100~000 $0 $319,000

38 Staten Island $15~000 $554r000 $258,000 $765~000 $180,000 $0 S1,782fl00    ¯
2062 Stewart Tract $930,000 $0 $0 $369~000 5100,000 $596,000 $ 1,399,000
548 Terminous Tract $630,000 $343,000 $170,000 $615~000 $110,000 $0 $1,868~000
1601 Twitehell Island 5345,000 $254,000 . $126,000 $_____345,00___._.~0. $100,000 SO _$1,170,____..~O ¯

_ 5..6_3 ...... ._T_~ler Island $705,000 $542,000 $246000.~__.__ $.____9!5,000

$16.5..,.0.00- .....

$0 _$2,S__7.3_,_00_0.m
. .    . ! ....... Union Island, East $300,000 S255,000 S159 000 $300,000 $100,000 $0

Page ] of 2
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Sacramento - San Joaquin Delta, California
Lands, Easements, Right of Ways, Relocations & Disposals

(LEto.S)

Reclamation Name of Negotiation Land Toe Drain Siphons Power Poles Land (seepage) Total LERR.DS
Disthct No. IslandJTract (~o~ ~) (~ ~) (~ ~-~) {~’~ ~.) ~ ~’~) {~ ~.) {~ ~.)

2 I Union Island, West $375,000 $273,000 $170,000 $885,000 $I 10,000 $0 $__[I,8 ! 3,000

.... 1607 Van Sickle Island $90,000 $64,000 $40,000 $120,000 $I00,000 $0 $414,000
2065 Veal¢ Tract $45,000 $86,000 $53,000 $150,000 $100,000 $0 $434,000

.... 2023 ~ Venice Istand $90~000 $240,000 $131,000 $375~000 $I00,000 $0 $936,000
2040 ~ Victoria Island $120,000 $292~000 $159r000 $495,000 $100,000 $0 $I~166~000
2094 ~ Walthall $255~000 $56r000 $35~000 . $99r000 $100,000 $35,000 $545,000
2026 Webb Tract $270r000 $269,000 $136,000 $330,000 $100~000 $0 $1~I05~000
2122 t Winter Island $15~000 $81,000 $511000 $150)000 $100r000 $0 $397,000
2072 Woodward Island $90,000 $163,000 $94,000 $330,000 $100)000 $0 $7771000
2119 Wright-Elmwood Tract $165,000 $120,000 $75,000 $330,000 $100,000 $0 $790,000

LERRDS GRAND TOTAL: $92,028,000

) Extrapolated: When no specific data was available, the data was derived from adjoining islands/tracts with similar conditions.

I
1

1

I
!

!
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APPENDIX C

I CALIFORNIA WATER CODE EXCERPTS
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California Water Code Excerpts from the Internet

I
DIVISION 1. GENERAL STATE POWERS OVER WATER

I Chapter 2. State Administration Gem-ally
Article 1. Department of Water Resources, Section 128

!
Article 1. Department of Water Resources, Section 128

I
128. (a) In times of extraordinary stress and of disaster, resulting from storms and floods, or where
damage to watershed lands by forest fires has created an imminent threat of floods and damage by

I water, mud, or debris upon the occurrence of storms, the department may perform any work required
or take any remedial measures necessary to avert, alleviate, repair, or restore damage or destruction
to property having a general public and state interest and to protect the health, safety, convenience,

I and welfare of the general public of the state. In carrying out that work, the department may perform
the work itself or through or in cooperation with any other state department or agency, the federal
government, or any political subdivision, city, or district.

I (b) This section is intended to supplement the emergency services of the state, and nothing in this
section overrides or supersedes the authority of the Director of the Office of Emergency Services to
coordinate and supervise state action, upon a declaration of a state of emergency, under the

I California Emergency Services Act (Chapter 7 (commencing with Section 8550) of Division 1 of
Title 2 of the Government Code) or the Natural Disaster Assistance Act (Chapter 7.5 (commencing
with Section 8680) of that division).

I
DIVISION 6. CONSERVATION, DEVELOPMENT, AND UTILIZATION OF STATE
WATER RESOURCES

PART 4.5 SACRAMENTO-SAN JOAQUIN DELTA

Chapter 1. General Policy - Section 12200
Chapter 2. The Delta - Section 12220
Chapter 3. Sacramento-San Joaquin Delta Levees - Section 12225

Chapter 1. General Policy, Sections 12200-12205

12200. The Legislature hereby finds that the water problems of the Sacramento-San Joaquin Delta
are unique within the State; the Sacramento and San Joaquin Rivers join at the Sacramento-San
Joaquin Delta to discharge their fresh water flows into Suisun, San Pablo and San Francisco Bays
and thence into the Pacific Ocean; the merging of fresh water with saline bay waters and drainage
waters and the withdrawal of fresh water for beneficial uses creates an acute problem of salinity
intrusion into the vast network of channels and sloughs of the Delta; the State Water Resources

~ ~
Long-Term Levee Protection Plan

I~-DELTA~, P~.o~ C-1 June 1999
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California Water Code Excerpts from the Internet

Development System has as one of its objectives the transfer of waters from water-surplus areas in
the Sacramento Valley and the north coastal area to water-deficient areas to the south and west of
the Sacramento-San Joaquin Delta via the Delta; water surplus to the needs of the areas in which it
originates is gathered in the Delta and thereby provides a common source of fresh water supply for
water-deficient areas. It is, therefore, hereby declared that a general law cannot be made applicable
to said Delta and that the enactment of this law is necessary for the protection, conservation,
development, control and use of the waters in the Delta for the public good.

12201. The Legislature finds that the maintenance of an adequate water supply in the Delta sufficient
to maintain and expand agriculture, industry, urban, and recreational development in the Delta area
as set forth in Section 12220, Chapter 2, of this part, and to provide a common source of fresh water
for export to areas of water deficiency is necessary to the peace, health, safety and welfare of the
people of the State, except that delivery of such water shall be subject to the provisions of Section
10505 and Sections 11460 to 11463, inclusive, of this code.

12202. Among the functions to be provided by the State Water Resources Development System, in
coordination with the activities of the United States in providing salinity control for the Delta
through operation of the Federal Central Valley Project, shall be the provision of salinity control and
an adequate water supply for the users of water in the Sacramento-San Joaquin Delta. If it is
determined to be in the public interest to provide a substitute water supply to the users in said Delta
in lieu of that which would be provided as a result of salinity control no added financial burden shall
be placed upon said Delta water users solely by virtue of such substitution. Delivery of said
substitute water supply shall be subject to the provisions of Section 10505 and Sections 11460 to
11463, inclusive, of this code.

12203. It is hereby declared to be the policy of the State that no person, corporation or public or
private agency or the State or the United States should divert water from the channels of the
Sacramento-San Joaquin Delta to which the users within said Delta are entitled.

12204. In determining the availability of water for export from the Sacramento-San Joaquin Delta
no water shall be exported which is necessary to meet the requirements of Sections 12202 and 12203
of this chapter.

~ C~ Long-Term Levee Protection Plan
~ Pmc,~ C-2 June 1999
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California Water Code Excerpts from the Internet

12205. It is the policy of the State that the operation and management of releases from storage into
the Sacramento-San Joaquin Delta of water for use outside the area in which such water originates
shall be integrated to the maximum extent possible in order to permit the fulfillment of the objectives
of this part.

Chapter 2. The Delta, Section 12220

12220. The Sacramento-San Joaquin Delta shall include all the lands within the area bounded as
follows, and as shown on the attached map prepared by the Department of Water Resources titled
"Sacramento-San Joaquin Delta," dated May 26, 1959:

Beginning at the Sacramento River at the I Street bridge proceeding westerly along the Southern
Pacific Railroad to its intersection with the west levee of the Yolo By-Pass; southerly along the west
levee to an intersection with Putah Creek, then westerly along the left bank of Putah Creek to an
intersection with the north-south section line dividing sections 29 and 28, T8N, R6E; south along
this section line to the northeast comer of section 5, T7N, R3E; west to the northwest comer of said
section; south along west boundary of said section to intersection of Reclamation District No. 2068
boundary at northeast comer of SE 1/4 of section 7, T7N, R3E; southwesterly along Reclamation
District No. 2068 boundary to southeast comer of SW 1/4 of section 8, T6N, R2E; west to
intersection of Maine Prairie Water Association boundary at southeast comer ofSW 1/4 of section 7,
TrN, R2E; along the Maine Prairie Water Association boundary around the northern and western
sides to an intersection with the southeast comer of section 6, T5N, R2E; west to the southwest
comer of the SE 1/4 of said section; south to the southwest comer of the NE 1/4 of section 7, T5N,
R2E; east to the southeast comer of the NE 1/4 of said section; south to the southeast comer of said
section; west to the northeast comer of section 13, T5N, R1E; south to the southeast comer of said
section; west to the northwest comer of the NE 1/4 of section 23, T5N, R1E; south to the southwest
comer of the NE 1/4 of said section; west to the northwest comer of the SW 1/4 of said section;
south to the southwest comer of the NW 1/4 of section 26, T5N, R1E; east to the northeast comer
of the SE 1/4 of section 25, T5N, R1E; south to the southeast comer of said section; east to the
northeast comer of section 31, T5N, R2E; south to the southeast comer of the NE 1/4 of said section;
east to the northeast comer of the SE 1/4 of section 32, T5N, R2E; south to the northwest comer of
section 4, T4N, R2E; east to the northeast comer of said section; south to the southwest comer of
the NW 1/4 of section 3, T4N, R2E; east to the northeast comer of the SE1/4 of said section; south
to the southwest comer of the NW 1/4 of the NW 1/4 of section 11, T4N, R2E; east to the southeast
comer of the NE 1/4 of the NE 1/4 of said section; south along the east line of section 11, T4N, R2E
to a road intersection approximately 1000 feet south of the southeast comer of said section;
southeasterly along an unnamed road to its intersection with the right bank of the Sacramento River
about 0.7 mile upstream fi-om the Rio Vista bridge; southwesterly along the right bank of the
Sacramento River to the northern boundary of section 28, T3N, R2E; westerly along the northern
boundary of sections 28, 29, and 30, T3N, R2E and sections 25 and extended 26, T3N, R1E to the
northwest comer of extended section 26, T3N, R1 E; northerly along the west boundary of section
23, T3N, RIE to the northwest comer of said section; westerly along the northern boundary of
sections 22 and 21, T3N, R1E to the Sacramento Northern Railroad; southerly along the Sacramento

~ C.EF~D Long-Term Levee Protection Plan
II&Y-D~I.TA~. ~ C-3 June 1999
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Northern Railroad; southerly along the Sacramento Northem Railroad to the ferry slip on Chipps
Island; across the Sacramento River to the Mallard Slough pumping plant intake channel of the
California Water Service Company; southward along the west bank of the intake channel and along
an unnamed creek flowing from Lawler Ravine to the southern boundary of the Contra Costa County
Water District; easterly along the southern boundary of the Contra Costa County Water District to
the East Contra Costa Irrigation District boundary; southeasterly along the southwestern boundaries
of the East Contra Costa Irrigation District, Byron-Bethany Irrigation District, West Side Irrigation
District and Banta-Carbona Irrigation District to the northeast corner of the NW 1/4 of section 9,
T3S, R6E; east along Lirme Road to Kasson Road; southeasterly along Kasson Road to Durham
Ferry Road; easterly along Durham Ferry Road to its intersection with the fight bank of the San
Joaquin River at Reclamation District No. 2064; southeasterly along Reclamation District No. 2064
boundary, around its eastern side to Reclamation District No. 2075 and along the eastern and
northern sides of Reclamation District No. 2075 to its intersection with the Durham Ferry Road;
north along the Durham Ferry Road to its intersection with Reclamation District No. 17; along the
eastern side of Reclamation District No. 17 to French Camp Slough; northerly along French Camp
Turnpike to Center Street; north along Center Street to Weber Avenue; east along Weber Avenue
to E1 Dorado Street; north along E1 Dorado Street to Harding Way; west along Harding Way to
Pacific Avenue; north along Pacific Avenue to the Calaveras River; easterly along the left bank of
the Calaveras River to a point approximately 1,600 feet west of the intersection of the Western
Pacific Railroad and the left bank of said fiver; across the Calaveras River and then north 18" 26’
36 west a distance of approximately 2,870 feet; south 72* 50’ west a distance of approximately 4,500
feet to Pacific Avenue (Thornton Road); north along Pacific Avenue continuing onto Thornton Road
to its intersection with the boundary line dividing Woodbridge Irrigation District and Reclamation
District No. 348; east along this boundary line to its intersection with the Mokelumne River;
continuing easterly along the right bank of the Mokelumne River to an intersection with the range
line dividing R5E and R6E; north along this range line to the Sacramento-San Joaquin County line;
west along the county line to an intersection with Reclamation District No. 1609; northerly along
the eastern boundary of Reclamation District No. 1609 to the Cosumnes River, upstream along the
fight bank of the Cosurnnes River to an intersection with the eastern boundary of extended section
23, T5N, R5E; north along the eastern boundary of said extended section to the southeast corner of
the NE 1/4 of the NE 1/4 of said extended section; west to the southeast corner of the NE 1/4 of the
NW 1/4 of extended section 14, T5N, R5E; west to an intersection with Desmond Road; north along
Desmond Road to Wilder-Ferguson Road; west along Wilder-Ferguson Road to the Western Pacific
Railroad; north along the Western Pacific Railroad to the boundary of the Elk Grove Irrigation
District on the southerly boundary of the N ½ of section 4, TSN, R5E; northerly along the western
boundary of the Elk Grove Irrigation District to Florin Road; west on Florin Road to the eastern
boundary of Reclamation District No. 673; northerly around Reclamation District No. 673 to an
intersection with the Sacramento River and then north along the left bank of the Sacramento River
to I Street bridge. Section, range, and township locations are referenced to the Mount Diablo Base
Line and Meridian. Road names and locations are as shown on the following United States
Geological Survey Quadrangles, 7.5 minute series: Rio Vista, 1953; Clayton, 1953; Vernalis, 1952;
Ripon, 1952; Bruceville, 1953; Florin, 1953; and Stockton West, 1952.

Long-Term Levee Protection Plan
June1999
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Chapter 3. Sacramento-San Joaquin Delta Levees, Sections 12225-12228

I 12225. The plan for improvement of the Sacramento-San Joaquin Delta levees, as set forth in
Bulletin No. 192 of the Department of Water Resources, dated May 1975, is approved as a
conceptual plan to guide the formulation of projects to preserve the integrity of the delta levee

I system.

I 12226. The department may prepare detailed plans and specifications for the improvement of the
levees or levee segments specified in Section 12225.

I
12226.1. The department shall report on its recommendations to the Legislature concerning the
improvement of the levees specified in Section 12225, including, but not limited to,
recommendations concerning construction, cost sharing, land use, zoning, flood control, recreation,
fish and wildlife habitat, and aesthetic values. The department shall submit interim reports to the
Legislature concerning the status of the delta levees program on or before January 15 of each year
beginning in 1978, with the final report on its recommendations to be made on or before January 15,
1980.

I
12226.2. The department may proceed immediately with the improvement of a pilot levee project
which the department determines, after a public hearing, is in critical need of improvement and

I which is highly susceptible to failure in the absence of such immediate improvement. Prior to
commencing such improvement, the department shall enter into an agreement with a local agency
whereby the local agency will bear at least 20 percent of the cost of the improvement.

i
i 12227. This chapter shall be known and may be cited as the "Nejedly-Mobley Delta Levees Act".

I
12228. (a) The department shall submit to the Legislature, on or before January 1, 1994, a report on
land use patterns within the boundaries of the Sacramento-San Joaquin Delta and the lands

I immediately adjacent to that delta.
(b) Subdivision (a) shall be implemented only to the extent money is appropriated in the annual

Budget Act to carry out this section.

I
I ~" ~ Long-Term Levee Protection Plan
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PART 4.6 SAN JOAQUIN RIVER I

Sections 12230-12233
I

12230. The Legislature hereby finds and declares that a serious problem of water quality exists in
the San Joaquin River between the junction of the San Joaquin River and the Merced River and the¯
junction of the San Joaquin River with Middle River; that by virtue of the nature and causes of the
problem and its effect upon water supplies in the Sacramento-San Joaquin Delta, it is a matter of
statewide interest and is the responsibility of the State to determine an equitable and feasible solution̄
to this problem. ¯

12231. It is hereby declared to be the policy of the State that no person, corporation or public or
private agency or the State or the United States should divert water from the San Joaquin River and
its tributaries to which the users along the portion of the San Joaquin River described in Section
12230 are entitled.

12232. The State Water Resources Control Board, the State Department of Water Resources, the1
Califomia Water Commission, and any other agency of the state having jurisdiction, shall do
nothing, in connection with their responsibilities, to cause fia_rther significant degradation of the
quality of water in that portion of the San Joaquin River between the points specified in Section¯
12230.

12233. Nothing in this part shall be construed as affecting the quality of water diverted into the
Sacramento-San Joaquin Delta from the Sacramento River, nor as affecting any vested right to the
use of water, regardless of origin, or any water project for which an application to appropriate water
was filed with the State Water Resources Control Board prior to June 17, 1961.

PART 4.8 DELTA FLOOD PROTECTION

Chapter 1. Delta Flood Protection Fund - Section 12300
Chapter 1.5. Environmental Mitigation and Protection Requirements - Section 12306
Chapter 2. Special Flood Control Projects - Section 12310
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Chapter 1. Delta Flood Protection Fund, Sections 12300-12303

12300. (a) The Delta Flood Protection Fund is hereby created in the State Treasury. There shall be
deposited in the fund all moneys appropriated to the fund and all income derived from the
investment of moneys that are in the fund.

(b) It is the intent of the Legislature to appropriate, in accordance with Section 12938, twelve
million dollars ($12,000,000) each year through fiscal year 1998-99 to the Delta Flood Protection
Fund from moneys deposited in the California Water Fund pursuant to subdivision (b) of Section
6217 of the Public Resources Code. It is further the intent of the Legislature to appropriate annually
moneys in the Delta Flood Protection Fund to the department for expenditure and allocation, without
regard to fiscal years, in the following amounts and for the following purposes:

(1) Six million dollars ($6,000,000) annually for local assistance under the delta levee
maintenance subventions program pursuant to Part 9 (commencing with Section 12980), and for the
administration thereof.

(2) Six million dollars ($6,000,000) annually for special delta flood protection projects under
Chapter 2 (commencing with Section 12310) and subsidence studies and monitoring, and the
administration thereof. These funds shall only be allocated for projects on Bethel, Bradford, Holland,
Hotchkiss, Jersey, Sherman, Twitchell, and Webb Islands, and at other locations in the delta and for
the Towns of Thornton and Walnut Grove and for approximately 12 miles of levees on islands
bordering the Northem Suisun Bay from Van Sickle Island westerly to Montezuma Slough.

(c) Any moneys unexpended at the end of a fiscal year shall revert to the Delta Flood Protection
Fund and shall be available for appropriation by the Legislature for the purposes specified in
subdivision (b).

(d) It is the intent of the Legislature that, to the extent consistent with Sections 12314, 12987,
and 78543, projects funded under subdivision (b) shall be consistent with the delta ecosystem
restoration strategy of the CALFED Bay-Delta Program.

12301. The Delta Flood Protection Fund is hereby abolished on July 1, 2006, and all unencumbered
moneys in the fund are transferred to the General Fund.

12303. (a) It is the intent of the Legislature that, subject to subdivision (b) of Section 12929.12, if
twelve million dollars ($12,000,000) or any lesser amount is transferred pursuant to paragraph (3)
of subdivision (b) of Section 12937 to the California Water Fund from the California Water
Resources Development Bond Fund in each of the fiscal years 1990-91 to 1997-98, inclusive, and
if six million dollars ($6,000,000) or any lesser amount is so transferred in the 1998-99 fiscal year,
that amount shall be appropriated to the Delta Flood Protection Fund for the purposes specified in
subdivision (b) of Section 12300, in lieu of the funds deposited in the California Water Fund
pursuant to subdivision (b) of Section 6217 of the Public Resources Code. However, that the
director, in consultation with the Department of Finance, may accelerate payments to the California
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Water Fund for reappropriation to the Delta Flood Protection Fund if the director deems it
appropriate to do so.

(b) The obligation of the State Water Resources Development System to reimburse the California
Water Fund, pursuant to paragraph (3) of subdivision (b) of Section 12937, shall decrease by
amounts equal to the amounts which are transferred from the California Water Resources
Development Bond Fund to the California Water Fund and appropriated to the Delta Flood
Protection Fund pursuant to subdivision (a).

(c) For any fiscal year, the Director of Finance, in consultation with the Director of Water
Resources, may recommend in the Budget Act a source of funding for the Delta Flood Protection
Fund which is different from that set forth in subdivision (a). If the Legislature approves the
alternative source of funding, the portion of the State Water Resources Development System
obligation specified in subdivision (b) which remains outstanding because of the selection of the
alternative funding source shall be discharged pursuant to subdivision (b) of Section I 1913.

(d) It is the intent of the Legislature, upon the creation of the Delta Levee Rehabilitation
Subaccount pursuant to Section 78540, as proposed to be added by S.B. 900 of the 1995-96 Regular
Session, that subdivisions (a), (b), and (c) shall not apply to the Delta Levee Rehabilitation
Subaccount and that the funds of the subaccount shall be available to fund equally both of the
following:

(1) The delta levee maintenance subventions program pursuant to Part 9 (commencing with
Section 12980), associated mitigation and habitat improvement programs, and the administration
thereof.

(2) The special delta flood protection projects pursuant to Chapter 2 (commencing with Section
12310), associated mitigation and habitat improvement programs, and the administration thereof.

Chapter 1.5. Environmental Mitigation and Protection Requirements,
Sections 12306-12308

12306. This chapter applies to special flood control projects subject to Chapter 2 (commencing with
Section 12310) and to the payment of delta levee subventions under Part 9 (commencing with
Section 12980).

12306.5. The Resources Agency shall supervise the implementation of the programs subject to this        ~
chapter.

!
12307. (a) The Resources Agency, the department, the Reclamation Board, and the Department of
Fish and Game shall enter into a memorandum of understanding to coordinate the implementation        ~
of the programs subject to this chapter.

~4 ~
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I (b) The memorandum of understanding shall provide that the Department ofFish and Game shall
enforce any mitigation requirements involving programs subject to this chapter.

!
I 12308. The Resources Agency shall report to the Legislature not later than January 15 of each year

all of the following information for each plan approved pursuant to this part:
(a) The name of each local agency submitting a plan, the island or tract involved, and a map of

I the island or tract indicating the work and the mitigation sites.
(b) The amount of money allocated to the plan, and the amount of money spent on project

construction and on project mitigation.

I (c) The number of acres of riparian, wildlife, and fisheries habitat and the number of lineal feet
of shaded aquatic areas disturbed by projects funded under this part.

(d) The number and quality of acres of replacement habitat provided as mitigation.

I (e) An annual assessment as to whether the cumulative impact of projects funded pursuant to this
part has resulted in no net long-term loss of riparian, wildlife, or fisheries habitat. If the Resources
Agency determines that a net long-term loss has occurred, it shah include in its assessment the
necessary steps to correct those deficiencies.

Chapter 2. Special Flood Control Projects, Sections 12310-12318

12310. As used in this chapter, the following terms have the following meanings:
(a) "Local public agency" means a reclamation district or levee district or other public agency

responsible for the maintenance ofa nonproject levee as defined in subdivision (d) of Section 12980
or a project levee as defined in subdivision (e) of Section 12980.

(b) "Project" means the flood control improvement and any mitigation and habitat improvement
constructed, or interests in land acquired, for those purposes pursuant to this part.

(c) "Department" means the Department of Water Resources.
(d) "Delta" means the Sacramento-San Joaquin Delta as described in Section 12220.
(e) "Net long-term habitat improvement" means enhancement of riparian, fisheries, and wildlife

habitat.
(f) "CALFED Bay Delta Program" or "CALFED program" means the program established in

May 1995 as a joint effort among state and federal agencies with management and regulatory
responsibilities in the San Francisco Bay and Sacramento-San Joaquin River Delta to develop
long-term solutions to resource management problems involving the bay-delta.

12311. (a) The department shall develop and implement a program of flood control projects on
Bethel, Bradford, Holland, Hotchkiss, Jersey, Sherman, Twitchell, and Webb Islands, and at other
locations in the delta and for the Towns of Thornton and Walnut Grove, and for approximately
12 miles of levees on islands bordering Northern Suisun Bay from Van Sickle Island westerly to

~
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Montezuma Slough. This program shall have, as its primary purpose, the protection of discrete andI
identifiable public benefits, including the protection of public highways and roads, utility lines and
conduits, and other public facilities, and the protection of urbanized areas, water quality, recreation,¯
navigation, and fish and wildlife habitats, and other public benefits. The program shall also include¯
net long-term habitat improvement.

(b) Notwithstanding subdivision (a), the department shall develop and recommend a plan of¯
action, including alternatives, for flood control for the Towns of Thornton and Walnut Grove and¯
shall submit the plan to the Legislature by January 1, 1989. The department shall not allocate any
funds for implementation of the plan of action for flood control for the Towns of Thomton and1
Walnut Grove until a plan is approved by the Legislature. ¯

!
12312. The department may expend any moneys available to it pursuant to paragraph (2) of
subdivision (b) of Section 12300 or any moneys available from other sources of funding¯
appropriated by the Legislature for the purposes of this part. In addition, the department shall seek
a sharing of costs with the beneficiaries or owners or operators of the public facilities benefitted by
the flood protection projects. The department shall also seek cost sharing with, or financial assistance1
from, federal agencies which have programs applicable to, or which have an interest in, the flood
protection projects.

!
12313. (a) The department shall develop a list of areas where flood control work is needed to protect¯
public facilities or provide public benefits. In developing the list, the department shall consult with
all appropriate federal, state, and local agencies. The list shall establish a priority for the areas based
upon both of the following: 1

(1) The importance or degree of public benefit needing protection.
(2) The need for flood protective work.
(b) The list shall be submitted to the California Water Commission for approval, and shall be        ~

updated by the department, with the approval of the California Water Commission, as the department
may deem appropriate.

!
12314. (a) Guided by the approved priority list developed pursuant to Section 12313, the department        ~
shall develop project plans to accomplish the needed flood protection work in cooperation with the
local public agency, the public beneficiary, and the Department offish and Game.

(b) The plans shall be subject to the approval of the appropriate local public agency or agencies~
and subject to any cost-sharing agreement the department may have entered into under Section
12312. Project plans may include, or be a combination of, the improvement, rehabilitation, or
modification of existing levees, and the conveyance of interests in land to limit or to modify land1
management practices which have a negative impact on flood control facilities.

~
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(c) Project plans shall include provision for the protection offish and wildlife habitat determined
to be necessary by the Department of Fish and Game and not injurious to the integrity of flood
control works. The Department of Fish and Game shall consider the value of the riparian and
fisheries habitat and the need to provide greater flood protection in preparing its requirements, and
shall not approve any plan which calls for the use of channel islands or berms with significant
riparian communities as borrow sites for levee repair materials, unless fully mitigated, or any plans
that will result in a net long-term loss of riparian, fisheries, or wildlife habitat.

(d) After the memorandum of understanding required pursuant to Section 12307 is amended as
required by Section 78543, the Department of Fish and Game shall also make a written
determination as part of its review and approval of a plan or project pursuant to this section and
Section 12987 that the proposed expenditures are consistent with a net long-term habitat
improvement program and have a net benefit for aquatic species in the delta. The memorandum of
understanding in effect prior to the amendments required by Section 78543 shall remain in effect
with regard to levee projects and plans until the memorandum of understanding is amended.

12315. Projects shall be undertaken and completed in accordance with the approved project plans.
Project works may be undertaken by the department or, at the department’s option, by the local
public agency pursuant to an agreement with the department.

12316. In addition to any obligations assumed under an agreement with the department and to the
extent consistent with that agreement, the local public agency shall do all of the following:

(a) Provide construction access to lands or fights-of-way which it owns or maintains for flood
control purposes or for purposes with which the project’s required uses are compatible and necessary
to complete the project.

(b) Maintain the completed project pursuant to maintenance criteria developed and adopted in
accordance with Section 12984.

(c) Apply for federal disaster assistance, whenever eligible,
under Public Law 93-288.

(d) Hold and save the department, any other agency or department of the state, and their
employees free from any and all liability for damages, except that caused by gross negligence, that
may arise out of the construction, operation, or maintenance of the project.

(e) Acquire easements from the crown along levees for the control and reversal of subsidence
in areas where the department determines that such an easement is desirable to maintain structural
stability of the levee. The easement shall (1) restrict the use of the land to open-space uses,
nontillable crops, the propagation of wildlife habitat, and other compatible uses, (2) provide full
access to the local agency for levee maintenance and improvement purposes, and (3) allow the owner
to retain reasonable rights of ingress and egress as well as reasonable rights of access to the
waterways for water supply and drainage. The local public agency costs of acquisition of the
easements shall be reimbursable by the department from moneys appropriated pursuant to
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paragraph (2) of subdivision (b) of Section 12300 or any sources of funding appropriated by the
Legislature for purposes of this part.

(f) Comply with all habitat mitigation and improvement requirements pursuant to this part.
(g) Use subsidence control alternatives, where appropriate, to reduce long-term maintenance and

improvement costs.

12318. (a) The Resources Agency may establish a team of federal, state, and local agencies, and
other persons or entities with a stake in finding a solution to the problems of the delta levees, to
develop recommendations for the beneficial reuse of dredged material, consistent with actions
identified by the CALFED Bay-Delta Program as core actions, which are those actions included in
all bay-delta solutions. The recommendations shall address all of the following needs:

(1) Long-term availability of cost-effective, environmentally safe, and appropriate dredged
material for delta levee maintenance and improvements.

(2) Beneficial reuse of dredged or suitable alternative materials.
(3) Coordination of dredging projects to augment on-island stockpiles.
(4) Development of a comprehensive monitoring program of the effects of the reuse of dredged

material.
(5) A study of the applicability and appropriateness of constructing channel sediment traps and

dredged material rehandting facilities adjacent to fi’equently dredged channel sections.

PART 9. DELTA LEVEE MAINTENANCE

Sections 12980-12995                                                                     I

12980. As used in this part:
(a) "Board" means the Reclamation Board.
(b) "Delta" means the Sacramento-San Joaquin Delta as described in Section 12220.
(c) "Local agency" means any city, county, district, or other political subdivision of the state

which is authorized to maintain levees.
(d) "Net long-term habitat improvement" means enhancement of riparian, fisheries, and wildlife

habitat.
(e) "Nonproject levee" means a local flood control levee in the delta that is not a project facility

under the State Water Resources Law of 1945, as shown on page 38 of the Department of Water
Resources "Sacramento-San Joaquin Delta Atlas," dated 1993.

(f) "Project levee" means a federal flood control levee, as shown on page 40 of the Department
of Water Resources "Sacramento-San Joaquin Delta Atlas," dated 1993, that is a project facility
under the State Water Resources Law of 1945 (Chapter 1 (commencing with Section 12570) and
Chapter 2 (commencing with Section 12639) of Part 6), if not less than a majority of the acreage

~
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I within the jurisdiction of the local agency that maintains the levee is within the primary zone of the
delta, as defined in Section 29728 of the Public Resources Code.

!
12981. (a) The Legislature finds and declares that the delta is endowed with many invaluable and
unique resources and that these resources are of major statewide significance.

(b) The Legislature further finds and declares that the delta’s uniqueness is particularly
characterized by its hundreds of miles of meandering waterways and the many islands adjacent
thereto; that, in order to preserve the delta’s invaluable resources, which include highly productive
agriculture, recreational assets, fisheries, and wildlife environment, the physical characteristics of
the delta should be preserved essentially in their present form; and that the key to preserving the
delta’s physical characteristics is the system of levees defining the waterways and producing the
adjacent islands. However, the Legislature recognizes that it may not be econornicallyjustifiable to
maintain all delta islands.

(c) The Legislature further finds and declares that funds necessary to maintain and improve the
delta’s levees to protect the delta’s physical characteristics should be used to ftmd levee work that
would promote agricultural and habitat uses in the delta consistent with the purpose of preserving
the delta’s invaluable resources.

!
12982. The Legislature further finds and declares that while most of the delta’s levees are privately

I owned and maintained they are being subjected to varied multiple uses and serve to benefit many
varied segments and interests of the public at large, and that as a result of the varied multiple uses
of such levees, added maintenance costs are being borne by adjacent landowners.

!
12983. The Legislature further finds and declares that there is an urgent need for a higher degree of
levee maintenance and rehabilitation generally throughout the delta and that the state has an interest
in providing technical and financial assistance for delta levee maintenance and rehabilitation. The
Legislature also finds and declares that, because of the instability of delta soils, the effect of winds,
tides, and flood flows, and the unique problems of erosion, seepage, and subsidence, the same
security against levee failure and flooding cannot be achieved by protective works in the delta as in
areas less vulnerable to these problems. Although the rehabilitation and maintenance of delta levees
is an important undertaking, a significant risk of levee failure will still persist. The purpose of the
state’s approval of plans and inspection of works, which duties are set forth in this part, is to ensure
that subvention funds are properly expended and that delta levees are effectively rehabilitated and
maintained, and the state does not thereby assume any responsibility for the safety of any delta levee
against failure.

I
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12984. The department shall develop and submit to the board, for adoption by the board, criteria for
the maintenance and improvement ofnonproject levees. The criteria shall vary as required to meet
specific conditions and shall be multipurpose in nature, and include environmental considerations,
when feasible. The criteria shall embody and implement both of the following:

(a) The short-term mitigation plan set forth in the "Flood Hazard Mitigation Plan for the
Sacramento-San Joaquin Delta," prepared by the department for the Office of Emergency Services,
dated September 15, 1983, or as amended.

(b) The "Vegetation Management Guidelines for Local Nonproject Delta Levees" dated
April 1994, or any successor guidelines.

12985. Prior to adoption of any such criteria, the board shall hold public hearings and may revise¯
the criteria as it determines necessary.

!
12986. (a) It is the intention of the Legislature to reimburse an eligible local agency pursuant to this̄
part for costs incurred in any year for the maintenance or improvement of project or nonproject
levees as follows:

(I) No costs incurred shall be reimbursed if the entire cost incurred per mile of project or¯
nonproject levee is one thousand dollars ($1,000) or less.

(2) Not more than 75 percent of any costs incurred in excess of one thousand dollars ($1,000)
per mile of project or nonproject levee shall be reimbursed. ¯

(3) (A) As part of the project plans approved by the board, the department shall require the local
agency or an independent financial consultant to provide information regarding the agency’s ability
to pay for the cost of levee maintenance or improvement. Based on that information, the department¯
may require the local agency or an independent financial consultant to prepare a comprehensive
study on the agency’s ability to pay.

(B) The information or comprehensive study of the agency’s ability to pay shall be the basis for̄
determining the maximum allowable reimbursement eligible under this part. Nothing in this
paragraph shall be interpreted to increase the maximum reimbursement allowed under paragraph (2).

(4) Reimbursements made to the local agency in excess of the maximum allowablē
reimbursement shall be returned to the department. (5) The department may recover, retroactively,
excess reimbursements paid to the local agency fi’om any time after January 1, 1997, based on an
updated study of the agency’s ability to pay. ¯

(6) All final costs allocated or reimbursed under a plan shall be approved by the reclamation
board for project and nonproject levee work.

(7) Costs incurred pursuant to this part that are eligible for reimbursement include construction       ¯
costs and associated engineering services, financial or economic analyses, environmental costs,
mitigation costs, and habitat improvement costs.

(b) This section shall become inoperative on July 1,2006, and, as of January 1, 2007, is repealed,        ¯
unless a later enacted statute, that becomes operative on or before January 1,2007, deletes or extends
the dates on which it becomes inoperative and is repealed.
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12986. (a) It is the intention of the Legislature to reimburse from the General Fund an eligible local
agency pursuant to this part for costs incurred in any year for the maintenance or improvement of
project or nonproject levees as follows:

(1) No costs incurred shall be reimbursed if the entire cost incurred per mile of levee is one
thousand dollars ($1,000) or less.

(2) Fifty percent of any costs incurred in excess of one thousand dollars ($1,000) per mile of
levee shall be reimbursed.

(3) The maximum total reimbursement from the General Fund shall not exceed two million
dollars ($2,000,000) annually.

(b) This section shall become operative on July 1, 2006.

12987. (a) Local agencies maintaining project or nonproject levees shall be eligible for
reimbursement pursuant to this part upon submission to and approval by the board of plans for the
maintenance and improvement of the project or nonproject levees, including plans for the annual
routine maintenance of the levees, in accordance with the criteria adopted by the board.

(b) The nonproject plans shall also be compatible with the plan for improvement of the delta
levees as set forth in Bulletin No. 192-82 of the department, dated December 1982, and as approved
in Section 12225. Both project and nonproject plans shall include provisions to acquire easements
along levees that allow for the control and reversal of subsidence in areas where the department
determines that such an easement is desirable to maintain structural stability of the levee. The
easement shall (1) restrict the use of the land to open-space uses, nontillable crops, the propagation
of wildlife habitat, and other compatible uses, (2) provide full access to the local agency for levee
maintenance and improvement purposes, and (3) allow the owner to retain reasonable fights of
ingress and egress as well as reasonable rights of access to the waterways for water supply and
drainage. The local agency cost of acquisition of the easements shall be reimbursable by the
department from moneys appropriated pursuant to paragraph (1) of subdivision (b) of Section 12300,
or any other sources appropriated by the Legislature for purposes of this part.

(c) The plans shall also include provision for protection of the fish and wildlife habitat
determined to be necessary by the Department ofFish and Game and not injurious to the integrity
of the levee. The Department ofFish and Game shall consider the value of the riparian and fisheries
habitat and the need to provide safe levees in preparing its requirements. The Department offish
and Game shall not approve any plan which calls for the use of channel islands or berms with
significant riparian communities as borrow sites for levee repair material, unless fully mitigated, or
any plans which will result in a net long-term loss of riparian, fisheries, or wildlife habitat.

(d) After the memorandum of understanding required pursuant to Section 12307 is amended as
required by Section 78543, the Department of Fish and Game shall also make a written
determination as part of its review and approval of a plan or project pursuant to Section 12314 and
this section that the proposed expenditures are consistent with a net long-term habitat improvement
program and have a net benefit for aquatic species in the delta. The memorandum of understanding
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in effect prior to the amendments required by Section 78543 shall remain in effect with regard to
levee projects and plans until the memorandum of understanding is amended.

(e) The plans shall also take into account the most recently updated Delta Master Recreation Plan
prepared by the Resources Agency.

(f) Upon approval of the plans by the board, the local agencies shall enter into an agreement with
the board to perform the maintenance and improvement work, including the annual routine
maintenance work, specified in the plans. If applications for state funding in any year exceed the
state funds available, the board shall apportion the funds among those levees or levee segments that
are identified by the department as most critical and beneficial, considering the needs of flood
control, water quality, recreation, navigation, habitat improvements, and fish and wildlife.

12987.5. (a) In an agreement entered into under Section 12987, the board may provide for an
advance to the applicant in an amount not to exceed 75 percent of the estimated state share. The
agreement shall provide that no advance shall be made until the applicant has incurred costs
averaging one thousand dollars ($1,000) per mile of levee.

(b) Advances made under subdivision (a) shall be subtracted from amounts to be reimbursed
after the work has been performed. If the department finds that work has not been satisfactorily
performed or where advances made actually exceed reimbursable costs, the local agency shall
promptly remit to the state all amounts advanced in excess of reimbursable costs. If advances are
sought, the board may require a bond to be posted to ensure the faithful performance of the work set
forth in the agreement.

(c) This section shall become inoperative on July 1, 2006, and, as of January 1,2007, is repealed,
unless a later enacted statute, that becomes operative on or before January 1,2007, deletes or extends
the dates on which it becomes inoperative and is repealed.

12988. Upon the completion in any year of the maintenance or improvement work, including annual
routine maintenance work, as specified in the plans approved by the board, the local agency shall
notify the department, and the department shall inspect the completed work. The department, upon
completion of such inspection, shall submit to the board a report as to its findings. Upon a finding
that the work has been satisfactorily completed in accordance with the approved plans, the board
shall certify for reimbursement 75 percent of any costs incurred per mile of levee if the entire cost
incurred per mile of levee is greater than one thousand dollars ($1,000).

|
12989. (a) The department shall conduct at least one annual inspection of every levee for which¯
maintenance or improvement costs have been reimbursed pursuant to this part. In addition, the
department shall inspect nonproject levees of local agencies for the purpose of monitoring and¯
ascertaining the degree of compliance with, or progress toward meeting, standards such as those set
forth in Section 12984.

I

~ ~ Long-Term Levee Protection Plan 1
~, P~ C-16 June 1999

I
C--020289

(3-020291



California Water Code Excerpts from the Internet

(b) The local agency shall cooperate with the department in the conduct of these inspections,
including the provision of reasonable access over local agency lands and easements.

12990. Whenever the department finds that the annual routine maintenance work specified in the
plans approved by the board is not being performed in accordance with the agreement entered into
between the local agency and the board, the department may establish a maintenance area in
accordance with the provisions of Chapter 4.5 (commencing with Section 12878) of Part 6 of this
division, as nearly as the same may be applicable, except that the work to be performed shall be the
routine annual maintenance work for the nonproject levee as specified in the plans approved by the
board. Upon the formation of a maintenance area, the department shall thereafter annually maintain
the nonproject levee in accordance with such plans and subject to the provisions of Chapter 4.5
(commencing with Section 12878) of Part 6 of this division, as nearly as the same may be applicable.

12991. The board is authorized to make, from time to time, such rules and regulations as may be
necessary to carry out, and as are consistent with, this part.

12992. Before any plan is approved, agreement entered into, or moneys advanced or reimbursed
under this part, the local agency shall first enter into an agreement with the board indemnifying and
holding and saving the State of California, the board, the department, any other agency or
department of the state, and their employees free from any and all liability for damages, except that
caused by gross negligence, that may arise out of the approvals, agreements, inspections, or work
performed under this part. Any funds appropriated for any of the purposes of this part may be used
to satisfy any judgment against the state covered by this section, pending indemnification by the
local agency.

12993. Applicants shall apply for federal disaster assistance, whenever eligible, under Public
Law 93-288. If, and to the extent that, it is determined that the work performed does not qualify for
federal disaster assistance, the applicant may apply for reimbursement under Section 12986, and the
costs shall be deemed incurred by the applicant in the year in which the latter application is filed.

12994. (a) The Legislature finds and declares all of the following:
(1) The CALFED Bay-Delta Program has identified as a core action the need for emergency

levee management planning for delta levees to improve system reliability.

~ Cak~D Long-Term Levee Protection Plan

~ ~ C- 17 Sune ~999

C--020290
(3-020292



California Water Code Excerpts from the Internet

(2) Even with active levee maintenance, the threat of delta levee failures from earthquake, flood,
or poor levee foundation, will continue to exist.

(3) Because of this threat of failure, and the potential need to mobilize people and equipment in
an emergency to protect delta levees and public benefits, the department needs authority that will
enable it to act quickly.

(b) The department may do all of the following:
(1) In an emergency, as defined by Section 21060.3 of the Public Resources Code, that requires

immediate levee work to protect public benefits in the delta, the department may use funds pursuant
to this part without prior approval of a plan by the board or the Department ofFish and Game, in
which case the requirements of Sections 12987 and 12314, and the memorandum of understanding
pursuant to Section 12307, shall be carried out as soon as possible.

(A) The amount of funds that may be expended each year on emergency levee work under this
section shall not be greater than two hundred thousand dollars ($200,000) and the amount that may
be expended per emergency levee site shall not be greater than fifty thousand dollars ($50,000). The
local agency shall fund 25 percent of the total costs of the emergency repair at a site or shall fund
an appropriate share of the costs as approved by the board and based upon information of the local
agency’s ability to pay for the repairs.

03) Department contracts executed for emergency levee work under this section shall be
exempted fi’om Department of General Services approval required under the Public Contract Code.

(C) As soon a feasible after the emergency repair, the department shall submit a report to the
board describing the levee work, costs incurred, and plans for future work at the site, including any
necessary mitigation.

(D) This section is intended to supplement emergency services provided by the state or the
United States. Nothing in this section overrides or supersedes the authority of the Director of the
Office of Emergency Services under the California Emergency Services Act (Chapter 7
(commencing with Section 8550) of Division 1 of Title 2 of the Government Code) or the Natural
Disaster Assistance Act (Chapter 7.5 (commencing with Section 8680) of Division 1 of Title 2 of
the Government Code).

(2) Prepare and submit to the board for adoption a delta emergency response plan for levee
failures. The plan is exempt from Chapter 3.5 (commencing with Section 11340) of Part 1 of
Division 3 of Title 2 of the Government Code. The plan may include recommendations of the
multiagency response team established pursuant to paragraph (3) and may include, but not be limited
to, the following:

(A) Standardized contracts for emergency levee work to be executed by the department, local
agencies, or other appropriate entities.

03) Criteria for eligible emergency levee work.
(C) Definition of an emergency levee site.
(D) Documentation requirements.
(E) Proposals for complying with the federal Endangered Species Act of 1973 (16 U.S.C.

See. 1531 et seq.) and the California Endangered Species Act (Chapter 1.5 (commencing with
Section 2050) of Division 3 of the Fish and Game Code) in an emergency.

(F) Stages of emergency response that may occur in various situations.
(3) Establish a multiagency emergency response team, consisting of representatives from the

department, the board, the Depamnent offish and Game, the California Conservation Corps, the

~ ~
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Office o fEmergency Services, the Federal Emergency Management Agency, the United States Army
Corps of Engineers, and the United States Fish and Wildlife Service to advise on methods to ensure
that levee emergencies will be resolved as quickly and safely as possible.

I          12995. (a) The Legislature hereby finds and declares both of the following:
(1) There is an urgent need for rehabilitation and improvement of delta levees, and that the

I United States Army Corps of Engineers has a crucial and continuing role in that work.
(2) The department and the board have been cooperating with the United States Army Corps of

Engineers in a feasibility study for rehabilitation and improvement of the levees in the delta. That
feasibility study identified a federal interest in levee rehabilitation and improvements due to benefits
to navigation, commerce, the environment, and flood damage reduction.

(b) The department and the board may cooperate with the United States Army Corps of

I Engineers to develop and implement delta levee rehabilitation, improvement, and realignment, and
to enhance the environment.

DIVISION 24. SAFE, CLEAN, RELIABLE WATER SUPPLY ACT

Chapter 4. Delta Improvement Program, Sections 78525-78572
Article 1. The Delta Improvement Account, Section 78525
Article 2. Central Valley Project Improvement Program, Section 78530
Article 3. Bay-Delta Agreement Program, Section 78535
Article 4. Delta Levee Rehabilitation Program, Section 78540
Article 5. South Delta Barriers Program, Section 78550
Article 6. Delta Recreation Program, Section 78560
Article 7. CALFED Bay-Delta Program, Section 78570

Article 1. The Delta Improvement Account, Sections 78525-78526

78525. Unless the context otherwise requires, as used in this chapter, "account" means the Delta
Improvement Account created by Section 78526.

I 78526. The Delta Improvement Account is hereby created in the fund. The sum of one hundred
ninety-three million dollars ($193,000,000) is hereby transferred from the fund to the account.

I
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Article 2. Central Valley Project Improvement Program, Sections 78530-78531

78530. (a) There is hereby created in the account the Central Valley Project Improvement
Subaccount.

(b) For the purposes of this article, "subaccount" means the Central Valley Project Improvement
Subaccount created by subdivision (a).

78530.5. The sum of ninety-three million dollars ($93,000,000) is hereby transferred from the
account to the subaccount for the purpose of implementing this article.

78531. (a) Notwithstanding Section 13340 of the Government Code, the money in the subaccount
is hereby continuously appropriated, without regard to fiscal years, to the Controller, to be allocated
to pay the state’s share of the costs for fish and wildlife restoration measures required by Section
3406 of the Central Valley Project Improvement Act (P.L. 102-575), in accordance with subdivisions
Co) and (c).

(19) Funds appropriated pursuant to subdivision (a) shall be allocated to the Department offish
and Game or the department for expenditure pursuant to the terms of the cost-sharing agreement
between the United States and the State of California as required by subsection (h) of Section 3406
of the Central Valley Project Improvement Act, or any agreements supplemental thereto, for the
payment of costs allocated to the state for the protection and restoration offish and wildlife resources
and habitat pursuant to Section 3406 of that federal act.

(c) The money in the subaccount may be used for both of the following purposes:
(1) To pay for the state’s cost-sharing allocations or for actions directly undertaken by the[]

department or the Department of Fish and Game relating to fish and wildlife restoration actions
required by Section 3406 of the Central Valley Project Improvement Act (P.L. 102-575). For
purposes oft.his paragraph, and consistent with Attachment C of the "Principles for Agreement on[]
Bay-Delta standards between the State of California and the Federal Government," dated December[]
15, 1994, preference for the screening of diversions shall be given to projects, and projects within
programs, identified in the Central Valley Project Improvement Act (P.L. 102-575) for which[]
deadlines have been established by state or federal agencies, or by a state or federal court. Any
preference established under this paragraph shall be revised if the deadlines are extended or
eliminated.

(2) To pay for administrative costs incurred in connection with the implementation of this section
by the department and the Department of Fish and Game related to fish and wildlife restoration
measures undertaken pursuant to Section 3406 of the Central Valley Project Improvement Act (P.L.[]
102-575), as follows:

(A) Not more than 3 percent of the total amount deposited in the subaccount for the use of the
department may be used to pay the costs incurred in connection with the administration of this article
by the department. ¯

~ ~
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I (B) Not more than 3 percent of the total amount deposited in the subaccount for the use of the
Department of Fish and Game may be used to pay the costs incurred in connection with the

I administration of this article by the Department ofFish and Game.

I Article 3. Bay-Delta Agreement Program, Sections 78535-78538

I 78535. (a) There is hereby created in the account the Bay-Delta Agreement Subaccount.
(b) For the purposes of this article, "subaccount" means the Bay-Delta Agreement Subaccount

created by subdivision (a).

!
1 78535.5. The sum of sixty million dollars ($60,000,000) is hereby transferred from the account to

the subaccount for the purpose of implementing this article.

!
78536. Notwithstanding Section 13340 of the Government Code, the money in the subaccount is

i hereby continuously appropriated, without regard to fiscal years, to the Resources Agency, to pay
for the administration of this article and for non-flow-related projects called for in the Water Quality
Control Plan for the Bay-Delta, adopted by the board in Resolution No. 95-24, and as it may be
amended. Those projects are known as "Category 1~I" activities called for in the "Principles for
Agreement on Bay-Delta Standards Between the State of California and the Federal Government,"
dated December 15, 1994.

!
I 78536.5. The Secretary of the Resources Agency shall carry out this article in accordance with

procedures established by CALFED for the purposes o fundertaking Category HI activities and other
ecosystem restoration programs until the Legislature, by statute, authorizes another entity that is

I recommended by CALFED, to carry out this article.

I 78537. The state shall, to the greatest extent possible, secure federal and nonfederal matching funds
to implement this article.

!
78538. Not more than 3 percent of the total amount deposited in the subaccount may be used to pay
the costs incurred in connection with the administration of this article.
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Article 4. Delta Levee Rehabilitation Program, Sections 78540-78545

78540. (a) There is hereby created in the account the Delta Levee Rehabilitation Subaccount.
(b) For the purposes of this article, "subaccount" means the Delta Levee Rehabilitation

Subaccount created by subdivision (a).

78540.5. The sum of twenty-five million dollars ($25,000,000) is hereby transferred from the
account to the subaccount for the purpose ofimpIementing this article.

78541. Notwithstanding Section 13340 of the Government Code, the money in the subaccount is
hereby continuously appropriated, without regard to fiscal years, to the department, as follows:

(a) Twelve million five hundred thousand dollars ($12,500,000) for local assistance under the
delta levee maintenance subventions program under Part 9 (commencing with Section 12980) of
Division 6, and for the administration of that assistance.

(b) Twelve million five hundred thousand dollars ($12,500,000) for special flood protection
projects under Chapter 2 (commencing with Section 12310) of Part 4.8 of Division 6, subsidence
studies and monitoring, and for the administration of this subdivision. Allocation of these funds shall
be for flood protection projects on Bethel, Bradford, Holland, Hotchk.iss, Jersey, Sherman, Twitchell,
and Webb Islands, and at other locations in the delta.

78542. The expenditure of funds under this article is subject to Chapter 1.5 (commencing with̄
Section 12306) of Part 4.8 of Division 6.

!
78543. (a) No expenditure of funds may be made under this article unless the Department ofFish¯
and Game makes a written determination as part of its review and approval of a plan or project
pursuant to Section 12314 or 12987 that the proposed expenditures are consistent with a net
long-term habitat improvement program, and have a net benefit for aquatic species in the delta. The¯
Department of Fish and Game shall make its determination in a reasonable and timely manner
following the submission of the project or plan to that department. For the purposes of this article,
an expenditure may include more than one levee project or plan. ¯

(b) The memorandum of understanding entered into pursuant to Section 12307 shall be amended
to require, in accordance with this section, that projects or plans be consistent with a net long-term
habitat improvement program in the delta. The memorandum of understanding shall define the term¯
"net long-term habitat improvement program in the delta" for purposes of this section. The
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I memorandum of understanding in effect prior to the amendment required by this section shall
continue to apply to levee projects and plans until the memorandum of understanding is amended.

!
I 78544. For the purposes of this article, a levee project includes levee improvements and related

habitat improvements which may be undertaken in the delta at a location other than the location of
that levee improvement.

!
78545. The expenditure of funds under this article shall result in levee rehabilitation improvement
projects that, to the greatest extent possible, are consistent with the CALFED program.

Article 5. South Delta Barriers Program, Sections 78550-78552

78550. (a) There is hereby created in the account the South Delta Barriers Subaccount.
(b) For the purposes of this article, "subaccount" means the South Delta Barriers Subaccount

created by subdivision (a).

I 78550.5. The sum often million dollars ($10,000,000) is hereby transferred from the account to the
subaccount for the purpose of implementing this article.

!
78551. (a) Notwithstanding Section 13340 of the Government Code, the money in the subaccount
is hereby continuously appropriated, without regard to fiscal years, to the department, to pay the
costs incurred by the department that are not attributable to the State Water Project’s or the Central
Valley Project’s share of costs for the South Delta Barriers Program, and for the administration of
this article.

(b) The costs identified in subdivision (a) include costs incurred for the purpose of mitigating
non-State Water Project or non-Central Valley Project impacts and for the purpose o f environmental
enhancement in the delta.

(c) No funds shall be expended under this article unless the Department of Fish and Game
determines, in writing, that a net habitat benefit will result.

78552. Not more than 3 percent of the total amount deposited in the subaccount may be used to pay
the costs incurred in connection with the administration of this article.
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Article 6. Delta Recreation Program, Sections 78560-78568

78560. (a) There is hereby created in the account the Delta Recreation Subaccount.
(b) For the purposes of this article, "subaccount" means the Delta Recreation Subaccount created

by subdivision (a).

!
78560.5. The sum of two million dollars ($2,000,000) is hereby transferred from the account to the
subaccount for the purposes of implementing this article.

I
78562. Notwithstanding Section 13340 of the Government Code, the money in the subaccount is¯
hereby continuously appropriated, without regard to fiscal years, to the Department of Parks and
Recreation to provide for, and improve, public access to, and to maximize public recreational¯
opportunities on, the lands and waters of the delta in a way that is consistent with existing uses of
the islands, sound resource conservation principles, and appropriate protection for the rights of
private property owners, and for the administration of this article. ¯

78564. The Department of Parks and Recreation may use funds in the subaccount for grants to local
public agencies and nonprofit organizations for the purposes of acquiring fee title, development
fights, easements, or other interests in land located in the delta to provide for, or improve, public
access in the delta. The amount of any grant and the degree of local participation shall be determined
by the fiscal resources of the grant applicant, the degree of public benefit provided by the proposed
project, and other factors prescribed by the Department of Parks and Recreation.

78565. Any acquisition pursuant to this article shall be from willing sellers.

78566. The Department of Parks and Recreation may adopt regulations to carry out this article.

78568. Not more than 3 percent of the total amount deposited in the subaccount may be used to pay1
the costs incurred in connection with the administration of this article. ¯
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Article 7. CALFED Bay-Delta Program, Sections 78570-78572

78570. (a) There is hereby created in the account the CALFED Subaccount.
(b) For the purposes of this article, "subaccount" means the CALFED Subaccount created by

subdivision (a).

78571. The sum of three million dollars ($3,000,000) is hereby transferred fi:om the account to the
subaccount for the purposes of Section 78572.

78572. Notwithstanding Section 13340 of the Government Code, the money in the subaccount is
continuously appropriated, without regard to fiscal years, to the department, for the purpose of
paying for the state’s share of costs incurred in connection with the CALFED Bay-Delta Program.
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INTRODUCTION

The information matrix presents attribute data for the reclamation districts within the
lowlands of the legal Delta (as defined by Section 12220 of the Water Code). The information
matrix, an Excel spreadsheet,, is organized by subject or objective. For each subject area, an
introductory table lists the sources of information for the attribute data and includes comments
on the data set or additional information pertinent to the subject area_

NOTES ON THE ISLANDS AND RECLAMATION DISTRICTS

The information matrix displays island names and reclamation districts with the lowlands
of the legal Delta. Because Brannan/Andrus Island, Jones Tract, Roberts Island, and Tyler
Island/Walnut Grove include more than one reclamation district, information is presented for
each reclamation district wherever possible. Where information is available .for the entire island
only, the cumulative information for the island is presented under the complete island name (e.g.,
Jones Tract), and a "-" is included in the column for the individual reclamation districts (e.g.,
Lower Jones RD 2038).

Three islands do not have a reclamation district number. The Bethel Island reclamation
district is the BetheI Island Municipal Improvement District. Shim Kee Tract and Rough &
Ready Island levees are managed and maintained privately by the independent landowner.

Information for Winters Island is not complete for many attributes. A member of the
Levee and Channel Technical Team recommended that Winter Island - RD2122, located south
of Collinsville and east of Browns Island, be included in the The islandimmediately study
has been included in the information spreadsheet but little attribute data has been compiled to
complete the matrix information on this small west Delta island.

Instances where no data was available for an island or reclamation district are indicated
by "N/D".

!
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ISLAND ACREAGE AND LEVEE MILEAGE

ISLAND ATTRIBUTE DATA SOURCE and NOTES

Island size California Department of Water Resources. 1994. Land use mapping
proem-am. Sacramento, CA. (DWR Land use mapping data)

Length of project levees California Department of Water Resources. 1993. Sacramento-San
Joaquin Delta atlas. Sacramento, CA. (DWR Delta atlas)

Leng~da of nonprojeet levees DWR Delta atlas
The data forlevee lengths is taken from both the Delta Atlas and GIS
coverage produced by Jones & Stokes Associates.
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I Island Acres Levee Mi!es

Flood-Conb’ol FIood-Conb"
Levees. Levees,

I Reclamation Island Size federal local
ISLAND Distdct IAcres! IMilesl iMilesIi~acon Island 202E 5589 0 14.3

Bethel Island 3532 0 11.5
Bishop Tract 2042 2975 0 5.8
Boggs (Moss Tract! 404 3211 4 1,2I Bouldin Island 756 6020 0 18,0
Brack Tract 2033 4621 0 10.8
Bradford Island 2059 2183 0 7.4
BrannardAndnJs Island 15383 30.5 10.6

Andros 317 3606I Andros. Isleton 407 1648
AndnJs. Upper 556 2351
Brannan 2067 7778

13..yra n Tract 80(: 6249 0 9.7
Canal Ranch 208~ 3213 0 7.5

I Cone,/Island 2117 998 0 5~4
Dead Horse Island 2111 225 0 2.6
Empire Tract 2029 3688 0 10.5
Fabian Tract 773 6725 0 18.8
Fay 2113 99 0 1.6

I Glanville Tract 1002 6994 0 13.0
Grand island 3 16892 29.0 0.0
Hastings Tract 2060 4519 16.0 0,0
Holland Tract 2025 4254 0 10,9
Holt Station 2116 197 0 0.4

i Hotchkiss Tract 799 3621 0 6.3
Jersey Island 830 3571 0 15.6
Jones Tract

Jones. Lower 2038 5743 0 8.8
Jones. Upper 203~ 6501 0 9.3

~in~ Island 204~ 3255 ’ 0 9.0I 3~e Mandeville 211~ 360 0 4.5
IMandeville Island 2027 5266 0 14.3
McCormack W~lliamson Tract 211(~ 2139 0 8.8
McDonald Island 203t; 6058 0 13.7
Medford Island 2041 1205 0 5.9

I Memtt Island 15C 4901 18.1 , 0.0
Mildred Island 2021 1001 0 7.3
Na9lee Burke 1007 5917 0 8,3
New Hope Tract 348 9798 0 186
Orwood Island 2024 2431 0 10,9

I Palm Tract 2036 2505 0 7.5
Pescadero 2058 9004 6.7 2.2
Pierson District 551 9427 8.4 7.0
Prospect Island 1667 2275 2.9 7.1
Quimby Island 2090 809 0 7.0

i Rind~e Tract 2037 6840 0 15.7
Rio Blanco Tract 2114 959 0 4.0
Roberts Island 56189

Roberts. Lower 684 10819 0,0 16.0
Roberts. Middle 524 12839 6.1 3.7
Roberts. Upper 544 8248 10.6 4,4

~ ¯ Rough arid Ready island 1461 0 6.7

¯
Ryer Island 501 11955 20.6 0.0
Sargent Bamhart Tract 2074 1051 1.5 2.8

- Sherman Island 341 11321 9.7 9,8
Shima Tract 2115 1848 0 6.6

I Shin Kee Tract 960 0 3.9
Smith " 1614! 2163 6 2.8
Stark 208~ 742 2.8 0.7
Staten Island 3~ 9229 0 25.4
Stewart Tract 2062 5364 12.3 0.0

i Sutter Island 34~ 2619 12.5 0.0
]’erminous 54~ 12187 0 16.1
l’witchell 1601 3648 2.5 9.3
l’yler Island 563 9453 12.2 10.7

Walnut Grove 554 459 1 1.2

i Jnion Island 25016 1.o 29.2
~an Sickle Island 1607 2193 0 3.8

,Veale Tract 2065 14~9 0 5.7
Van~,ce Island 202: 3159 O 12.3
~ictoda Island 204~ 7266 0 15,1

IWebb Tract 2026 5507 0 12.8

I Weber 828 1149 0 1.2
W~nter Island 2122 482 0 4,8
Woodward Island 2072 1859 0 8.8
Wd~ht-Elmwood Tract 2119 2134 0 6,8

307 6016.9 7.8 5.2

I 369 532.3 1 0.7
536 6389.7 14 0
765 1348,8 1.7 4
813 2537.5 2 6
900 10832.3 12 1.3

I 999 25775.7 27 5.8
1608 906.1 O 4
2084 3170.4 O 7
2093: 5031.3 0 20.5
2095! 5552.1 4 O

i 209~ 6033.7 18.5 0
2121 527.9 0 2.3

C--020304
(3-020306



!
LIFE AND PERSONAL PROPERTY I

ISLAND ATTRIBUTE DATA SOURCE and NOTES I

Permanent population (1990)DWR Delta atlas

Towns DWR Delta atlas I

Housing units DWR Delta atlas

Residential lands DWR Land use mapping data I
Residential lands include farmsteads (see Agricultural dam). In some
cases, residential lands = 0 yet housing units are shown (see for

Iexample, Victoria Island). This is probably because some housing
units are located on lands that are not considered ’residential".
Specifically, agricultural farmworker housing is often located on lands

Icategorized as "incidental agricultural lands" or a specific crop rather
than farmsteads or residential lands.

I
I
!
I
I
I
I
!
I
I
I
I
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I Life and Proper~/

Permanent Residential

i Reclamation Popu{at~on Towns Housing Lands
ISLAND District (1990! Units. IAcres!.B.acon Island 2028 260 39 35,7

.B.ethel Island ,., 2115 !257 ,133.8
Bishop Tract 2042 52 23 16.6
Boggs (Moss Tract) 404 N/D N/D 3.7
B0uldin Island 756 74 19 17.5
B. rsc~ Tract 203: 80 22 18.5
Bradford Island 2059 0 0 43.4
Brannan/Andrus Is{and , "2093 1014

Andrus 317 167.6I Andros. Isleton 407 {s!e. ton 57.4
Andrus. Upper 55~ 36.0
Brannan 2067 38.9

3yron Tract 800 6336 , Byron. Disco Bay 29~4 12.2
3anal Ranch 2086 103 30 10.7

I 3oney’ Island 2117 0 . 0 2.8
IDead Horse Island 2111 39 23 0.0
=Empire Tract 202,c 5 3 .10.8
Fabian Tract 773 130 28 45.9
Fay 211: N/D N/D 0.0

i Glanvi~le Tract 1002 N/D NfD 24.6
Grand !sland 3 ., 1021 ,, Ryde 411 193.8
Hastings Tract 208(~ 94 Hastings 22 17.6
I~olland Tract 2025 35 28 14.1
Ho~t Station 2118 N/D N/D 8.0
Hotchkiss Tract 799 847 373 122.8

I Jersey Island 830 13 , 3 8.7
Jones Tract

Jones, Lower 2038 112 14 302
Jones, Upper ,,, 2039 46 8 57,0

King Island 2044 195 94 4.2

i Littte Mandeville ., 2118 N/D N,~D 0.0 ,.
Mandeville Island ’ 2027 118 5 29.9
McCormack Will~amson Tr 2110 0 0 2.5
McDonald Island 2030 95 0 73.2
Medford Island 2041 14 9 0.0

I Men’itt Island 150 , 238 97 , , 68.7
Mildred Island 2021 0 0 0.0
Naglee Burke 1007 24 5 ’ 0.0
New Hope Tract 348 1376 " Thornton 501 124.3,
0rv,~od Island 2024 98 22 31.3

i Palm Tract 2036 16 5 3,2
Pescadero 2058 54 19 164.2
Pierson Dis~ct 551 355 Courtian~l,, 140 145.1
Prospect Island 1667 FUD N/D , 3.1
::~uimby Island 2090 N/D NID 0.0
Rindge Tract 2037 .... 33 29 , 31.6I Rio B~anco Tract 21 i4 10 5 7.4
~oberts Island ....

Roberts° Lower 684 221 88 113.6
Roberts, Middle 524 435 95 114.4
Roberts. Upper 544 231 75 91.2,

I Roucjh and Ready Island 174 43 0.0
Ryer I~!and , 501 246 98 83.6
Sar~Jant Bamhad Tract 2074 1902 606 0.0
Sherman Island 341 233 105 ... 46,7
Shima Trac~ 2115 101 N/D 6,2

I Shin Kee Tract 8 3 0.0
Smith 1614 N/D N."D 0.0
;tark ’ 2089 N/D N/D 3.2

Staten Island 38 35 13 16.6
Stewart Tract 2062 213 104 29..5.
Sutter Island 349 173 48 31.9,
Terminous 548 602 Te .nninous 279 52¯5
Tw~tchell 16.01 87 41 15.4
Tyler Island 563 644 286 40.0

Wa!nut Grove 5.54 Walnut Grove
Union Island 1~2 779 144 ,151.~I Van S!ckle Island 1603 0 0 0.0,.
Ceale Traci. 2065 4 2 0.0
Venice island 202: 0 0 4.1
Victoria Island 2040: 155 6 10.8
Webb Tract 2026 0 0 24.1
Veber 828! WD N/D 0.0

Winter Island 2122 0 FUD 0.0
¢Voodward Island 207; 6 1 4,6
¢V~ght-Elmwood Trsct 2119 31 0 20.3,

,3071 N,’D N/D 33.9

I 369! N/D Locke N/D 4.1

7651~o ~ 5.5
813! NID N/D 15.4
90C "~ NJD NiD 130.7

i 99� 303 Clarksbur~ 11652 375.6160~ N/D N/D 0,0
2,08~ NID NID 0.0
209~ NID N/D 220.6
209~= N/D NiO 43.5
20g~ N/D NiD 38.8

I 2121 N/D N/D 2.9
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AGRICULTURAL PRODUCTION I
ISLAND ATTRIBUTE DATA SOURCE and NOTES

Total agricultural lands DWR Land use mapping data
Includes grain and hay crops, field crops, truck and berry crops,
pasture, rice, idle agricultural area, deciduous fruits and nuts,
vineyards, and semiagricultural and incidental to agicultuml area.
Farmstead lands, shown here, are included in the "residential" land
category.

Value of damageable crops DWR Land use mapping data and California Department of Food and
Agriculture. 1996. County Agriculture Commissioner’s Reports for
1995. Sacramento, CA.
Value is determined by crop acreages multiplied by the average values
for each major agricultural classification. Crop values are based on
1995 production value information for Sacramento, San Joaquin,
Contm Costa, Yolo, and Solano counties.
In some instances, value of crops is $0 although agricultural acres are
shown. This is the result of those lands being categorized as idle,
semia..~icultural and incidental to agricultural, or farmsteads which are
not included in the value o. f damageable., crops analysis.
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Agricultural Production
Crop/~ :ma~s and V=~uFs

5=~ Island 202~ 0.0 ~ 2148.9    2905,8 0,0 0,0 0.0 0.0 56.7 29.0 35.7 35.7 0.0 5140.4 $10.96~

~din Isla~ 756 1982.9 3393.1 0.0 0.0 0.0 0.0 0.0 0.0 4.1 17.5 17.5 0,0 5380.1

~ld H~e Isla~ 2111 0.0 0.0 I 190.1 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 1~.1

3~ Idand 4576.2 6465.5 1820.4 1~7.9 0.0 ,, 0.0,,, ~03.1 0.0 0.0 1~.7 174.1 3.6 15816.~ $17r015

Jones. L~er 2038 1752.9 929.2 2~8.7 0.0 0.0 0.0 0.0 0.0 ; 2~.2 ~.2 30.2 0.0 5517.~

Ma~o~Io Island 2027 400 3 26~,9 1015.2 5.8 0.0 31.8 1.1 4~.0 46.8 28.6 28.5 0,1 46~.0       $6.4~2
~o~a~ Wdliam~ Tr 21t0 180;7 1271.5 275.9 0.0 0,0 0.0 ,.0.0 0.0 65.9 2.5 2.5 0.0 17~.~ $t~770

Medford Is~nd 2041 1~.2 942.8 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0.o 107~.0
M~ Island , 150 839.2 845.1 776~9 ~7.3 0.0 0.0 , 380.t 1092.2 24.7 68.7 68.6 0.1 45~.6 $7z455

Nagtee ~u~= 1~7 0.0 0.0 0.0 0.0, 0.0 0.0 0.0 0~0 0.0 0.0 0.0 0.0 0.0 $0
N~ Hope Tra~ 348 1646.1 3333.5 2050.2 390~2 0.0 0.0 779.9 1174.2 0.8 124.1 108.8 15.3 8690.; $t3~331

Pe~dem , 2058 11~.4 1868.1 1778.7 ~11.6 0.0 . 0.0 247~8 0.0 99.9 216.1 117.3 988 ~23.3

~ Island 209[ 303.2 0.0 0,0 O.O 0.0 0,0 0.0 0.0 295.4 0.0 0.0 0O

~ l~nd

Ro~ M~dte 524 1083.7 3675.9 2958.5 3902.6 0.0 0.0 31.9 0.0 33.2 142.5 114.~ 28,1 11713.9 $14r282

S~= Tta~ 211~ 263.9 178.0 2~.2 783.9 0.0 0.0 208.8 0.0 8.1 6.2 6.2 0.0 1708 9 $1~985

~m~ 1614 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 O.0 ~30.4 0.0 130.4 130.~ $0

:S~ten I~and 38 3201.3 51~.6 336,8 0.0 1~.2 0.0, 0.0 0.0 0.0 16.6 16.6 ~.0 8752.9 $5,4~

Su~er I~and 349 180.4 453.8 284.3 166.9 0 0 12.6 1078,8 152.9 0.9 31~9 31.9 0.0 ~30.E

Wa~G~ 554 137.8 0.1 0.0 179.2 0.0 0.0 0.0 0.0 3.8 44 0.1 4.3 325.        $~32
Jn~l~and , 109~.2 91~.7 5025.9 837~.9 I 0.0 0.0 5129 0.0 45.8 151.6 151.6 0.0 241~.4 $27t874
/~ S~o Is~nd 1607 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0 C $0

~nter Island 2122I 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0,0 0,0 0.0 0.0 $0
N~ard I~and 2072 898.1 0.0 748.6 0.0 0.0 0.0 0.0 q.0 40.1 4.6 4.6 0.0 16~8

765 ~.7 201.0 365.6 390.1 .,,9.0 0.0 O.0 0.O 0.0 5.5 5.~ 0.0 11~.4
813 113.8 714.8 3~.3 204.9 0.0 0.0 1~.7 787.6 25.1 15.4 15.4 0.0 2~9~ ~.183

999 5976.1 8191~ 4199~ 4442.3 0.0 0.0 74.4 711.9 387.6 375.6 375.6 0.0 23982.~ ~.053
1608 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ~.1 0,0 30,1 30~1 $0
2084 3.5 1766.6 2~.3 559.7 0,0 0.0 0.0 p.O 289.2 0,0 0.0 0.0 2902,~ $2.321

2095 280.5 1413.5 1236,6 1~32.5 0.0 0.0 ~.7 0.0 39.3 ~.5 31.4 31.1 4~0.3 $5.991
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I WATER QUALITY

l ISLAND ATTRIBUTE DATA SOURCE and NOTES

Long-term salinity intrusionEm-ight, Chris. n.d. Western Delta Island Flood Assumptions -I DWRDSM Modeling Analysis. California Department of Waterinduced
Resources, Delta Modeling Section. Sacramento, CA.
Represents the long-term average change in salinity at Clifton Court

I Forebay based on DWR’s Delta Simulation Model (DWRDSM)
analysis.

I Critical to water quality California Water Code Section 12311 (a)
(SB-34) The Delta Flood Protection Act (SB-34) identified eight islands as

critical to water quality.

I Island volume               DWR Delta atlas and DWR Land datausemapping
The island volume is used as an indicator of short-term water quality
effects during specific hydrologic conditions in the Delta. An island

I breach would have a short-term, immediate effect on salinity intrusion
only if the rate of filling of an island is greater than the outflow of
water through the Delta. These elements are a function of the inflow
of water into the Delta, the rate of water being exported out of the
Delta, and the location and size of the breached island. Because most
levee breaches occur during high inflows when outflow would exceed

I the rate of island filling, short-term effects on water quality (i.e.,
salinity) would seldom occur. However, the team felt it important to
capture the possible of water quality effects of a levee breach during

I low inflow periods.
Island volume estimates are derived from information on the "Land
Surface Below Sea Level" and "Lowest surface Elevation" maps in the

I DWR Delta atlas. Weighted average surface elevations are multiplied
by the island acreage (from DWR land use mapping data) to produce
the estimated island volume.

!

1

I
!
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Water Qualit~
ISalinity Intrusion Island Volume

Induced Cdt~cal to Jshort-term wat~
(% salinity Water quality effects)

Reclamation increase ~ Quality (Acre Feet; 1
ISLAND District Clifton Court! SB 34 estima!e! ,.. IBacon Island 2028 No 77700

Bethel Island Yes 29600
Bishop Tract 2042 No 10400
Boggs (Moss Tract) 404 No 0
Bouldin Island 756 2% No 83700 ¯
Brack Tract 2033 No 32900,
Bradford Island 20~ Yes 25100
BrannardAndrus Island -, -5% -

And,us 317 No 52400
Andrus. ISlelon 407 No 10700 1
Andrus. Upper 55E No 11800
Brannan 206/ No 117200

IB),ron Tract ,, 80C No 37500
Canal Ranch 2085 No 19700
Coney Island 2117 No, ~000 1
De~,d Horse Island 2111 No 1100 IEmpire Tract 2029 No 50500
Fabian Tract 773 No 16800
Fay 211: No 500
:Glanville Tract 1002 No 0 1
Grand Island 3 No 110000 IHastJngs Tract 2060 No 5600
Holland Tract 2025 12% Yes 38800
Holt Station 2116 No 1000
Hotchkiss Tract 799 Yes 100(]0
Jerse, y Islan.d 830 40% Yes 33500 ¯
Jones Tract ....

Jones Lower 2038 No 45900
Jones. Upper 2039 No 71500

King Island 2044 No 30900
Little Mandevi~le 2118 No 1800 ¯
Mandeville Island 2Q27 No 76400 1McCormack Williamson Tr 2110 No 2100
McDonald Island 2030 2% No 83000
Medford Island 2041 No 15100
Merdtt Island 150 No o _ ¯
Mildred Island 2021 No 0
Naglee Burke 1007i No 0
NewHope Trac~ 345, ,, NO. ’ 17100
Orwood Island 2024 No 21300
Palm Tract 2036: , No 23800 ¯
Pescadero 2058: No O IPierson Dis, t~ , , 551 No ¯ 35400
Prospect Island 166~ No 8500
:~uimby Island 209(: No 7100
:~indge Tract 2037 No 71800 1
Rio Blanco Tract 211 ~ No 2900 IRoberts Island

Roberts. Lower 68~ No 97400
Roberts. Middle 524 No 32100
Roberts, Upper ,, 54,1 No 0

Rough and Ready Island No, 3700 ¯
Ryer Island 501 No 68700
San~ent Bamhart Tract 2074 NO 3200
Sherman Island 341 41% Yes 133600
Shima Tract 211E No 9200
S, hin Kee Tract No 38 . ¯
Smith 1614 No 0 |~tark 208~ No 3000
State,n Island 3E -4% No 108400
Stewart Tract 2062 NO 0
Sutter Isl~,nd, 34~ No 10500 ¯
7erminou.s ~ , No 102100 ITw~tchell 1601 19% Yes 47900
Tyler Island 563 No 85~00

Walnut Grove 55d No 2300
Union Is!a.n,d ¯ 1.2 No 103200 I
Van Sickle Island 1607 No 0 ICea!e Tract 2065 No 7500
~/~niCe Is!and 2023 No 44700
Victoria Island 204C No 74500
,Nebb Tract 2026 24=/="-’ Yes 8040,0
~Veber . 828 ,, No 0                                            ¯
tVint.er Island 2122 N,o 0 ....
~oodwa~ ~stand 2072 No 21600
,’Vri~lht-Elmwood Tract 211S No 10700

307 No 0
. 36~ No 2100 ¯

[, 538 No g600 |~- 765 NO 0
I~ 81~ No 0
,- 90~ No 0

~- 1~05 No 3~0

2093 No 8800

i 2095 No 0

1
2098 No 1500

..... 2121
o~

No 800 ~336oo
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RECREATION

ISLAND ATTRIBUTE DATA SOURCE and NOTES

State or regional parks, Parisi, Monica. Geographic information System specialist. California
wildlife areas, and easementsDepartment offish and Game, Sacramento, CA. January 2 and 3, 1997

- telephone conversations.
These figures do not include parks and boating facilities external to the
levee system.

Recreation lands DWR Land use mapping data. 1993.
Recreational lands include commercial lands related to recreational
activities. There are many areas of the Delta that are used for private
recreation (e.g., waterfowl hunting) but are not categorized as
"recreational’ lands. We were unable to get island-specific data on
private recreation lands and hunting clubs. Therefore, these figures
most likely underestimate all the recreational resources in the area.

Recreation resorts DWR Delta atlas and Schnell, Hal. n.d. San Joaqum River -
Sacramento River Califomia Delta Stock-ton, CA.boatingmap.

Most of these ’resorts’ are maiqnas and boating facilities external to
the levee system.
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I
I Recreation’ ’

¯
State or

Re~lional Recreation
Reclamation Parks Lands R.ec~eatior

ISLAND District laches) (Acres) Resorts IBacon Island 2028 0 0.0 0
Bethel I~!and ,, 0 6.4 19,
Bi.shop Tract , 2042 0 17.7
Bqggs (Moss Tractl 404! 0 0.0 2
Bo.uldin Island 75~ 0 OD 0 ¯
B~ck Tract 2033 359 0.0 0
Bradford Island 205,c 0 0.0 0
BrannaN. Andes Island 0.0 24

Az~d~Js 317 0 7,2
Andrus. Isleton 407 0 o.o 1
Andrus. Upper 556 0 5.2
Brannan 2067 0 93.4

Syron Tract 800 0 0.0 1
C ,anal Ranch 2086 0 0.0 0
~oney Island 2117 0 0.0 0 1
De~ad Horse island 2111 0 0.0 0 I_=ra!!re Tract 2029 0 7.0 1
F~bian Tract 773 0 0.0 2
=ay 2113 0 0.0 0
$1anville Tract 1002 0 0,0 1
3rand Island 3 0 4.9 9 ¯
~lastings Tract 2060 0 0.0 0
-Iolland Tract 2025 0 0.0 2

~Holt Station 2116 0 0.0 0
;Hotchkiss Tract 799 0 0,0 18
’Jersey Island 630 o o.o o ¯
Jones Tract 0.0

"Jones~ Lower ., 2038 0 0.0 - 1
Jones, Upper 2039 0 0.0 1

King Island 2044 0 0,0. 3
Little Mandeville 2118 0 0.0 0 1
Mandeville Island 2027 0 0.0 0 IMcCom~ack ,W~.~l|iamson Tr 2110: 0 0.0 0
M,.cDonald Island 2030! 0 0.0 0
Medford Island. 2D41 0 0,0 0
Merritt Island 150: 0 0.0 1 i
Mildred island" 2021 0 0.0 ’ 0 I~9lee Burke 1007 0 0.0 0
New Hope Tract 348 915 0.0 ’ 3
O~vood Island 202~1 0 0.0, 1
P,.alm Tract 20.% ¯ 0 0.0 0
Pescadero 205~ 0 9.3 0 1
Pierson District 551 0 0.0 3
Prospect Island 1667 0 0.0 1,
Quimby Island 209C 0 0.0 0
R!ndge Tract 2037 0 0.0 0
Rio Blanco Tra, ct 2114 0 0.0 1 ¯
Roberts Island |Roberts. Lower 684 0 47.6 4

Roberts. M!,ddle 524 0 0.0 0
Roberts. Upper 544 0 0.0 0

Rou,qh and Ready Island 0 " o.o 0 1
Ryer Island 501 0 17.0 2 ISargent Bamhart T~ct 2074 0 32.5 3
Sherman Island 341 3100 66.7 7
Shima Tract 211,~ 0 0.0 0
Shin Kee Tract 0 0.0 2
Smith 1614 0 0.0 1 ¯
Stark 2089 " 0 0,0 0 ¯Staten Island 38 0 0.0 0
Stewart Tract 2062 0 0.0 2
Sutter Island 349 0 0.0 1
Termin, ,ous 548 o 6.o 5 ¯
Twitchell 1601 0 0.,0. 1
Tyler Island 563 0 0.0 2

Walnut Grove 554 0 4.5 3
U.nion Island 1,2 0 0.0 0
Van Sickle Island 1607 0 0.0 0 I
Veale Tract 2065 0 0.0 0 ICenice’lsland 2023 0 O.O 6’ ’
,Ac~oda Island ’ "2040 0 0 0 0,
~Nebb Tract 2026 265 0.0 0
~Veber 828 0 0.0 3
,’Vlnter Island , 2122 0 0.0 6                                             ¯
Noodward Island 2072 0 0.0

.~ri~ht-Elmw~:~d Tract 2119 0 0,0 1
307 0 0.0 1
369 0 0.0 0
536 0 0.0 0 ¯
766 o o.b N~

;~,, 813 0 0.~’ 0
900 0 0.0 2
999 0 0.0 ,

1608 0 15.4 2 ¯
2084 0 0.0 ’ 1 |¯ ’ 2o9:" o o.o ~ ....
2095 0 0.0
2098 0 0.0          0
2121 0 0.0 O ¯

oo
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CULTURAL RESOURCES

ISI_AND ATTR~UTE DATA SOURCE and NOTES

Known prehistoric sites U.S Bureau of Reclamation. 1996. Cultural resources of the
Sacramento-San Joaquin Delta, CALFED Bay-Delta Program. Draft.
Sacramento, CA.
The information on prehistoric and historic resources in the Delta
depends on whether an area has been surveyed and results have been
reported. Therefore, the lack of an occurrence on an island does not
preclude the presence of prehistoric and historic resources.

Potential historic sites U.S Bureau of Reclamation. 1996. Cultural resources of the
Sacramento-San Joaquin Delta, CALFED Bay-Delta Program. Draft.
Sacramento, CA.
See above note.
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Cultural Resources I

Known Potential
Rec, Jamation Prehislodc Historic

ISLAND D!~ict Sites Sit.es...
Bacon Island 2028 1,~
Bethel Island 4
Bishop Tract 2042 1
Boggs (Moss Tract) 404 1
Bouldin Island 756
Brack Tract 2033
Bradford Island 2059
Brannan/Andrus island

And~us 317
Andrus. Isleton 407
Andrus. Upper 556 1
Brannan 2067

3yron Tract 800! 5
3anal Ranch 208~
3oney Island 211;
:)ead Home Island 2111
-=mpire Tract 202~c

;Fabian Tract 773 3
Fay 2113
Glanville Tract 1002 2
Grand island 3
Hastings Tract
Holland Tract 2025 4
Holt Station 2115
Hotchkiss Tract 799 8
Jemey’ Island 83(~ 1
Jones Tract

Jones. Low~’r 2038
Jones, Upper 2039

King Island 2044
Lillle Mandeville 2118
Mandeville Island 2027
McCormack Witliamson Tr 2110
McDonald Island 2030 1
Medford Island 2041
Merdtt Island 150 2
M~dred Island 2021
Naglee Burke 1007
New Hope Tract 348 24
Orwood Island 2024
Palm Tract 2036 1
Pescadero 2058 2
Pierson Uistnct 551 3
Prospect Island 1667
~uimby’ island 2090
Rindge Tract 2037
Rio Blanco Trac~ 2114
Roberts Island

Roberts, Lower 684
5241Roberts. Middle 1

Roberts. Upper
54~.IF~ough and Ready’ Island

Ryer Island 501
San:jent Bamha~t T~ct 207,~ 1
Sherman Island 341
Shima Tract 211 ~=
Shin Ke,e Tract
Smith 161-~
Stark 208~
Staten Island 38 1
Stewart Tract 2062
Sutter Island 34~
Tetminous 548 .1
witchell 1601

l’yler Island 563 4
Walnut Grove 554

Jnion Island 1.2 1
Van Sickle Island 1607
Veale Tract 2065 2
Venice !¢!~nd 2023
~’ictoda Island 204(~
Nebb Tract 2025 2:
Weber 828 !
Winter Island 2122
Woodward Island 2072
Wright-Elmwood Tract 2119

307 5 1
369 4
536
765
813 4

6

20~4
2093
2095 1
2098
2121
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INFRASTRUCTURE OF LOCAL CONCERN

ISLAND ATTRIBUTE DATA SOURCE and NOTES

County roads DV/I% Delta atlas.
The team selected "presentJabsent" as the appropriate unit to report
over "miles of roadway" because if any portion of a road is damaged
or inundated during a levee breach or flood event, circulation patterns
would need to be re-routed.

Commercial lands DWK Land use mapping data.

Industrial lands DWR Land use mapping data.

Acreage protected per levee DWR Delta atlas and DWR Land use mapping data.
mile Acreage protected per levee mile was computed by dividing each

island’s acreage by the corresponding number of levee miles.

!

!

I
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Infrsstructure of L~c~I Concern
A~eage

Pmtectec
Commercial Industrial per Leve~

Reclamation County" Lands Lends Mile
ISLAND Dis~ct Roads (Acres) (Ames) Acras/Mil(

E~acon Island 2028 present 0.0 13.8 393
Bethel Island present 0.0 0.0 304
B!shop Tract 2042 present 0.0 0,0 374
E~oggs (Moss Tract) 404 absent 31.5 42.0 617
3ouldin Island 756 absent 0.0 45.3 334
~]rack Tract 2033 present 0.0 0.0 451
Sradford Island 2059 absent 0.0 0.0 277

’BrannarVAndrus Islan 376
Andrus 317 present 0.0 5.3
Andrus. Isle. !on 407 present 3.8 46.7

..... Andrus, Upper 556 present 0.0 1.8
Brannen 2067 present 2.4 9.8

B~’ron Tract 800! present 0.0 0.0 715
Canal Ranch 208~ absent 0.0 0.0 399
Coney Island 211; absent 0.0 0.0 173
Dead Horse Is!and 2111 absent 0,0 0.0 81
Empire Tract 202~ present 0.0 0.O 327
Fabian Tract 773 ,.,present 0.0 0.0 347
F..a}, 2113 , ,absent 0.0 0.0 63
Glanviile Tract 1002 present 0,0 0.0 538
~nd Island 3 present 5.8 5.3 587
Hastings Tract 206(] absent 0.0 0.0 447
~l.olland Tract 2025 present 0.0 0.0 372
-~olt Station 2116 present 0.0 0.0 490
-Iotchkiss Tract 799 present 17.3 9.9 492
Jersey Island 830 present 0.0 0.0 223

Jones Tract
Jones, Lower 2038 present 0.0 0~0 670
Jones. Upper 2039 present 0.0 0.0 673

Kin.~ Island 2044 present 0.0 0.0 362
Utile Mandev~lle 2118 absent 0.0 0.0 ’
,M.._andeville Island 2027 absent 0.0 0.0 371
McCormack W~lliamso 2110 absent O0 3.0 188
McDonald Island 2030 absent 0.0 84.0 449
..M_ed ford Island 2041 absent 0.0 0.0 207
Me, rritt island 150 present 0.0 3.3 ,262
Mildred Island 2021 absent 0.0 0.0 137
Naglee Burke 1007 present 0.0 0.0 734
New Hope Tract 348 present 18.8 26.0 500
On~ood Island 202~ present 0.0 0.0 380
P.a._lm Tract 2036J absent 0.0 0.0 325
Pescadero 20581 present 3.1 138.4 955
Pierson District 551 present 0.0 16.4 612
~ospect Island 166/ absent 0.0 0.0 123
Quimby Island,, 209#, absent 0.0 0.0
Rind~e Tract 2037 absent 0.0 0.0 435
R!9 Blanco Tract 2114 absent 0.0 0.0 176
Roberts Island

Roberts. Lower 684 .present 5.5 53.5 676
Roberts. Mid.die 524 present 0.0 672.2 1310

.,.Roberts, Upper 544 present 0.0 O0 550
Rough and Ready Isla absent 0.0 835.7 218
Rye=’lsland 501 present ’0.0 0.0 577
Sargent Bamhart Trac 2074 present 0.0 0,0 282
Sherman Island 341 present 7.1 0.0 510
~ima Tract 2115 absent 0.0 0,0 363
Shin Kee Tract absent 0.0 0 0 246
Smith 1614 present 0.0 0.0 246
Stark 2089 absent 0.0 0.0 210
Staten Island 38 present 0.0 9.4 361
~i~wart Tract 2062 present 0.0 0.0 318
Surfer Island 349 present 0.0 0,0 210
Terminous 548 present 0.0 0.0 650
f~itchell 1601 present 0.0 10.1 298
T.y!er Island 563 present 0.0 3.0 375

Walnut Grove 554 present 0.0 25.3 208
~[=ion Island 1.2 present 101 0.0 735
Can Sickle Istand 1607 absent 0,0 0.0 278
~ale Tract 2065 3rssent 0.0 4.0 228
’~nice Island 2023 absent 0.0 0.0 262
’~t,5.~eda Isl~-nd 20-10 ~bsent 0.0 0.0 4~0
Webb Tract 2026 absent 0.0 0.0 429
Weber 828 absent 0.0 0.0 958
Winter Island 2122 absent 0.0 0.0 100
Woodward Island 2072 absent 0.0 0.0 207
Wdght-Elmwood Tract 2119 )resent 0.0 0.0 312

307 )resent 0.0 1.7 463
3691 )resent 0.0 0.0 313
53e )resent      0.0        0.0       456
768 )resent 0.0 0.0 237
813! )resent 0.0 0.0 317
90C )resent 0.0 0.0 814
993 )resent 0.0 105.2 786

1608 absent 0.0 39.8 302
2084 )resent 0.0 51.1 453
2093 absent 0.0 0.0 245
2095 )resent 147.8 55.6 1388
2098 absent      0.0       0,0       326

C--02031 7
C-020319



INFRASTRUCTURE OF STATEWI])E CONCERN

ISLAND ATTRIBUTE DATA SOURCE ~md NOTES

Federal and state highways DWR Delta atlas.
See note for "County Roads" above.

Water supply conveyance DWR Delta atlas.

Railroad mainlines DWR Delta atlas.

Natural gas pipelines Warner, Chris. Supervisor of mapping. Pacific Gas and Electric,
Central Area, Waknut Creek, CA. November 25 and December 7,
1996; January 2,3 and 17, 1997 - telephone conversations and
facsimile. (PG&E natural gas facilities dam)
Gas distribution line mileages are approximate.

Natural gas fields and storage DVv-R Delta atlas and PG&E naturaI gas facilities data.

Power transmission lines DWR Delta atlas.
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Statewide Infrastructure                                                                   I

Water Power
Federal and Supp~ Ra~road : Natura~ Gas Natural Gas Transmiss/ol

Reclamation State Conveyance Mainlines Fields and Pipelines Lines ¯
I.SLAND District Hi~hwa}m IMiles) (Miles) Storage (Miles) IMilesl |Bacon Island 202; absent 0 0 Absent 4.32 0

Bethel Island absent 0 0 Production 1.29 0
@ishop Tract ’ ’ 2042 present 0 0 Absent 0 2
Boggs (Moss Tract) 404 present 0 3 Production ; na 1 II
9ou~din Island 756 present 0 0 Absent 0 0
3rack Tract 2033 absent 0 0 Absent 10.03 0
3radford Is and 2059 absent 0 0 Production 5.43 0

’Brannan/Andrus Island
Andrus 317 present 0 0 Production 15.34 0
Andrus. Isleton 407 present 0 0 Produc~ort na 0 ¯
Andrus. Upper 556 absent 0 0 Production na 0
Brennan 2067 present O O Produc~on 49.26 6

Byron Tract 800 present 0 1 ,~J~sant 1.85 2
Canal Ranch 2086 absent 0 0 Absent 0.89 0
(~one~/Island ’~ 2117 absent 0 0 Absent 0 0 ¯
Dead Home Island 2111 absent 0 0 Absent 0 0 |Empire Tract 2029 absent 0 0 Absent 0 0
Fabian Tract 773 absent 0 0 Absent 0 0
Fay 2113 absent 0 0 Absent 0 0
Glanville Tract 100: present 0 0 Absent 0 0 ¯
Grand Island 3 present 0 0 Production 6.06 9
Hastings Tract 206C absent 3.4 0 Production 3.91 2
Holland Tract 202~ absent 0 0 Absent 0 0
Holt Station 211~ present 0.2 0 Absent na 0
HotchPJss Tract 79<3 absent 1.7 0 Prod.uction 9.2 3
Jersey" Island 83(~ absent 0 0 Production 4.89 3

~Jones Tract
Jones. Lower 2038 absent 5.5 5 Absent 0 0
Jones. Upper 2039 present 5.5 0 Absent 0 4

King Island 2044 absent 0 0 Production 0.81 O
Little Mandevilie 2111 absent 0 0 Absent na 0 1
!Mandevilie Island 2027 absent 0 0 Absent 0 0
iMcCormack W~lliamson T~ 2110 absent 0 0 Present na 0
McDonald Island 203{ absent 0 0 STORAGE 9.27 0
Medford Island 2041 absent 0 0 Absent 0 0
Merritt Island 150 absent 0 0 Production i 0 0 ¯t~ildred Island 2021 absent 0 0 Absent I " 2.53 0
Naglee Burke 1007 absent 0 0 Absent na 3
New Hope Tract 348 present 0 2 Production ! ’ 16.46 0
O~tood Island 2024 absent 2.6 0 Absent 1.15 0
Palm Tract .2036 absent 0 I, 2 Absent 5.24 0
Pescedero 2058 present 0 4 Absent 0 0
Pierson District 551 present 0.8 0 Production 0.05
Prospect Island 1667 absent 0 0 Absent 0 0
Quimby Island 2090 absent 0 0 Absent 0 0
Rindge Tract 2037 absent ¯ 0 0 Absent 0 _0.
Rio Blanco Tract 2114 absent 0 0 Production 0 1. ¯
Roberts Island -! 15.34

Roberts. Lower 684 absent 3 5 Production 3
Roberts. Middle 524 present 0 0 Production 1
Roberts. Upper 544 absent 0 0 Production 4

Rough and Ready Island absent 0 0 Absent 0 0 ¯
Ry"er Island 501 present 0 0. Absent 0 0
S.ar9ent Bamhart Tract 2074 absent 1.5 0 Absent 0 0
Sherman Island 341 present 0 0 Production 40.72
Shima Tract 211! absent 0 0 Absent 0 1
Shin Kee Tract present 0 0, Absent 0.97 1
Smith 161, present ~ 0 0 Absent na "0
Stark 208! absent 0 0 Absent 0 1,
Staten Island 3~ absent 0 0 Production 4.15 0

¯ Stewart Tract 2062 present 0 3 Absent 0 1
Sutter Island 34S absent 0 0 Absent 0 0
~erminous 548 present 0 0 Produc~on 7.56 3 ¯
Twitchell 160 absent 0 0 Production 8.89 0
Tyler Island 563 absent 0.8 0 Production 19.09 0

Walnut Grove 554 absent C.7 0 Production
Union Island 1.2 absent 0 0 Production 12.53 6
Van Sickle Island 1607 absent 0 0 Absent 0 0 ¯
Veale Tract 206.’ absent O O Absent 1.02 1
~’enice Island 2023 absent 0 0 Absent 0 0
2~ctod.~ !.~!~,nd 2040 prc-~ ...nt C O .~.b~e~t 0 O
~Nebb Tract 2026 absent 0 0 Production 0.02 0
,~/eber 828 present 0 0 Production N/D 0
~/inter Island 2122 absent 0 0 Absent N/D 0 1
/Voodward Island 2072 absent 1.5 0 Absent 0 0
/Vdght-Elmwood Tract 2119 absent 0 0 Absent 0 2

I- 307 absent 0 0 N/D NiD 3
369 absent 0 0 Production N/D 0

- 536 absent 0 0 Production N/D 2 ¯
765 present 0 0 N/D NK) O
813 present 0 0 Absent N/D 2
900 present 0 0 N/D N/D 0
999 present 0 0 Absent . N/D 1

1608 present 0 0 Absent NTO 0 ¯
2084 absent 0 0 Production N/D 0
2093 absent 0 0 Production N/D 0
2095: present 0 2.7 Absent N/D 3
2098 absent 0 0 Production N/D 3
2121 absent (~ "’ I Absent N/D 0 ¯
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ADJACENT ISLAND RESOURCES

ISLAND ATTRIBUTE DATA SOURCE and NOTES

Adjacent levees at risk **

Adjacent acreage at risk ** "

risk **Seepage

Adjacent island resources are an important element to the Delta levee system integrity program.
This objective has been included in Special Projects prioritization process to recognize thethe
relationships between a breached island and adjacent islands. The main factors that the team wants to
capture in the information matrix include wind and wave erosion and seepage. Waterside levee slopes

subject to varying erosional effects of channel flows, tidal action, wind-generatedand boatare waves,

wakes. A levee breach can result in increased wave action over time because the wind fetch across open
water results in bigger waves which can affect erosion of an adjacent island’s exterior levee slopes.
Seepage of water from waterways or adjacent islands is a major concern of Delta land users. Seepage
from these sources can affect levee erosion problems or instability and create drainage problems for
landowners. The amount of seepage that occurs is controlled by the permeability of soils, length of the
seepage path, and height of the hydraulic head (i.e., the pressure created by water withina given
volume). A flooded island would result in potential increases in seepage to adjacent islands.

In discussing how to capture these issues, the team recommended using the attributes listed
above. However, detailed assumptions needed to characterize these attributes have not yet been worked
out. For example, what is an appropriate distance between levees to define "adjacent"? How can the
seepage risk attribute capture differences in soil and current seepage cOnditions throughout the Delta?
and How should the seepage risk attribute be characterized (e.g., a qualitative or quantitative scale).
Additional investigation and discussion is needed to fully develop the "Adjacent Island Resources"
attributes. Therefore, data will be presented in a future version of the information matrix.

C--020320
(3-020322



Adiac?nt Islands

Adjacent Adjacent
I.                                  Levees Am’eage Seepag~

Reclamation At PJsk    At Risk    Risk
ISLAN, D Di,st, dct /Milesl IAc~esl

Bacon Island 202~ 19512
Be..thel ISland 10631
E~i.s~op Tract 2042 13193
Boggs (Moss Tract) 404
Bouldin Island 756 50326
Back Tact 2033 22639
Bradford Island 2059 22414
BrannatffAndrus Island 50542

Andros 317
Andrus lsleton 407
Andrus, Upper 556
Brannan 2067

3,yron Tract 800i 13210
3anal Ranch 20861 23346 ,
3oney Island 211; 29452
~.e_ .ad Hoae Island 2111 28710
Empire Tact 202c. 29790
Fabian Tract 773 36972
Fay 2112 8061
Glanville Tact 10Q~ 10634
iGrand Island 3 38930
Hastings Tract 206(; 0
Holland Tract 2025 1,6728
H.o_!t S~.on 2~ 15
H,o.!ch kiss.. Tract 79~ 12329
J.e,rsey Island 83C 18553
J ,ones Tract

J̄ones, Lower 2038 52398
Jones, Upper 2039 41619

Ki~9 Island 2044 24624.
L~e Mandevffte 2118
Mandeville Island 202.7 22468
Mh-’Corm, ack W~Iliamson Tr 2110 34664
Mc.Donal~ Island 2030 61794
Medford Island 2041 18095
Merritt Island 150 ,. 1160Q.
Mildred Island 2021
Naglee I]ur~e 1007 15210 ,
New Hope Tact 348 13823
~rwood Island 202~ 11191
Palm Tract 2036 15121
~escadero ., 2058 12590
~ierson Distnc~ ~;’"’~’:~ ~ ....... ’= ";*~-~ "--~-" ;’~ 31370
~r._ospect Island 166; 11880
:~uimby Island 209£ 9360
Rindge Tract 203~ , ,, 52066
!Ri.o Blanco Tract 2114 6445
~oberts Island 56009

Roberts. Low~ 68~
Roberts, Middle 52~
Robeds Upper

R,o..ugh and Ready Is!and 33761
Ryer Island 501 20858
Sar.qent Bamhart Tract 2074 36098
Sherman Island 341 2511~,
Shima Tract 2115 .... ~11124,
Shin Kee Tract 14435
~,..m~th 1614
Stark 2089 34792
Staten Island 38 42439"Stewart Tract 2062 64163
Sutter Island 349 42610
Tenninous 548 27758
Twitchell 1601 32928
Tyler Island 563 58484

Walnut Grove 554
U,nion Island 1,2 51906
Van S~ckle Island 1.607
V.e.ale Tract 2065 9596
Ve.;~!c-= J~=!ur~d 2,.’~3 21445
Victoda Island 2040 38151
Webb Tract 2026 35543
Weber 828
�’~..=nter Island 212;
Woodward Island 20721 3609~
Nright-Elmwood Tract 2119’ 42989

30;
36~
536!

I-’ 76~

i~""

209~
209~
2121
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I ECOSYSTEM

I ISLAND ATTRIBUTE DATA SOURCEandNOTES

Native vegetation DWR Land use mapping data. 1993.

I Wetlands U.S. Fish and Wildlife Service. 1995. Nationa! Wetland Inventory
based on 1985 aerial photographs mapped at 1:124,000 scale. (NWI

i mapping data)

Riparian habitats NWI mapping data

I Agricultural waterfowl DWR Land use mapping dam. 1993.
habitats Agricultural land classifications considered potential waterfowl habitat

are gram and hay crops (barley, wheat, oats, miscellaneous and mixed
hay and grain); field crops (safflower, flax, hops, sug.ar beets,

I [field or sweet], gram sorghum); and rice.

1,2uown special-status plant Natural Diversity Database. 1996. Records search for the Bay-Delta

I occurrences study area. California Department offish and Game. Sacramento,
CA. (NDDB)
California Department offish and Game. 1995. SB 34 Delta Levees

I Master Environmental Assessment. Sacramento, CA. (SB 34 MEA)
Data for the "Habitat and Special-Status Species Interior to Levee
Systems" category was compiled from the Natural Diversity Database

I and California Department offish and Game’s SB 34 Delta Levees
Master Environmental Assessment. Species locations were reconciled
(cross-referenced) in order to eliminate duplicative data.

I The information on special-status plant and wildlife occurrences in the
Delta depends on whether an area has been surveyed and results have
been reported. Therefore, the lack of an occurrence on an island does
not preclude the presence of special-status plants and wildlife.

I
14mown specia!-status NDDB and SB 34 MEA
wildlife occurrences          See above notes.

I
I Ecosystem attribute data (acreages and species, occurrences) have been presented in three ways:

totals for each island, resources interior to the levee system, and resources on the exterior (water side) of
the island levees. The attribute data are divided this way to distinguish those resources that are protected

I by the existing levee system (interior to the levee system) and those resources exterior to the system.
This distinction was used in ranking the islands for the Special Projects prioritization exercise.

i
,
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, !sland To, tal
Known Special- Known Spatial-

..... A9ricultura~ Status Plant Status W’ddlife
Native Ripadan i Waterf<~l Occurrences lb~ 19~"/ Occurrences (by 1995

Reclamation Vegetation Wetlands Habtats Habilats # # # #

i ,,ISLAND District (Acres! IAcresl fAcres!! IAcmsl species occuren.ces ,$~.de.s .occurance=
Bacon I~land 2028 360.3 0.0 7.2 1112.7 4 48 3 9
Be!hel Island - . .... 344.7 2.4 90.9 0 4 19 1 1
Bishop Tract 2042 103.1 7.6 1.7 817.5 1 .1 1 1
Bog~s (Moss Tract) 404 193.5 3.4 62.5 0.0
Bouldin Island 756 217.4 0.3 5.3 5348.9 5
Brack Tract 2033 196.0 8.3 0.0 126.3.7 2 7 . .3 15
Bradford Island 2059; 171.1 0.0 ~..14.8 0.0 2 5
BrannardAndrus"lsland 6 46 3 7

A~drus ~17 138.0 7.7 5.6 2723.4
Andrus. Isleton 407 138.6 24.1 0.0 947.7
A~drus. Upper 55~ ... 157.1 (~’i0 1.7 873.3IBrannan 2067 475.5 26.5 .15.6 46.91.~=

Syron Tract 80~ 874.3 54.9 0.6 ,1260.8 7 i7 2 5
3anal R~nch 2086 179.4 16.5 0.0 2265.8 4 9 2 8
3oney I,sland 2117 84.4 2_5 1.6 658.1 2 8 1 3
Dead Horse Island 2111 28.8 0.0 0.0 0.(~ 1 5 1
=mpire Tract 2028 .... 176.6 18.2, 14.7 2159.s 4 15 2 2
=abian Tra~ 773 339.6 13.0 38.6 1003.8 2 9 3 10
--ay 2113 ..... 31.4 0.{: 2.7 63.9 2 5 . 1 1
3lanvi]le Tract 1002 298.5 10Q,..c 39.6 1212.1 4 9 3 3
3rand Island 3 666.6 37.3 28.8 7901.0 1 2
-(astinBs Tract ’ 2~0 385.(; 82.2 0.0 503.3 2

:Ho.l.~and Tra .ct 2025 384.(; 15.8 31.0 2923.7 4 39 2 2
Holt Station 2116 2.~ 0..9 0.0 113.6
Hotchkiss Tract 7~3 746.5 .~.7 44.5 185.4 2 11 2 2
Jersey Islan..d. 830 697.5 16.8 58.3 0.0 ....
Jon.es T..ract ....

Jones Lower 2038 167.6 0.0 1.1 2458.4 ..... 4., 14 2 3
Jone.s. Upper 2039 406.1 5..5 . 0.(~ 2447.7 4 15 3 4

Kin.q Island 2044 1i5.0 0.0 0.6 28i9.3
LiMe Mandeville 2i 18 50.3 0.0 7.6 269.2
Mandeville Island 2027 336.1 88.7 41.9 501.6 3 20 1 ,1
McCormack W]~tiamson Tr 2110 ,,. 66.7 0.0 8.5 180.7 4 16 1 5
McDonald Island 2030 . 395.2 76.8 14.2 1537.6 4 16 2 2
Medt’ord. Island, 2041 84.7 3.2 17.4 328.8 2 4 3 3
Mer~itt l~land 150 238.5 ~3.0 1.0 "-’ 1007.5
Mildred Island 2021’ 151.9 0.0 0.0 1 1
Naglee Burke 100~ 0.0 0.0 0.0 ,,. -~" 1 1
New Hope Tract 3481 3031~]’ ’ 5~.5 ’ 4.7 3905.7 1 ..       ~t2 4 17
O~ ood. Isl,and 20241 212.3 0.0 4.7 ~96..2L . 2, , 4
Palm Tract 2038 205.6 0.6 0.0 1882.4 3 17,       , 2 5
Pescadero 2058 304.9 10.5 24.2 873.4 2 6
Piersoq OisLrict 551 277.7 64A 24.7 2012.2 2 6 ~ 3 5 .
Prospe~t-lsla~d. 1667 .... .-4:t8.4 3.3 3.4 ....... 389.~ . 2 3. . .........
31uimby Island 209~ 139.4 0.0 14.2 303.2 4 7
Rind~e.Tract 2037 347.3 "0.0 0.8 3075.4 3 28" 1 1
Rio Blanco Tract 2114 ,, 94.5 17.1 14.4 422.4 1 . 1
Roberts Island .- 3 9 4 23

Roberts. Lov~er 684 303.8 2’6.7 10.0 4947.3 "
Roberts. Middle 524 177.3 8.8! ... 24.8 4569.8 -

. Rob~ds~ upper 54,4 ~07.1= 9.9i 7.4 3141.5
:~oucjh and Ready Island 233.9 " 84.61 118.7 358.0 1 2
:(yet Island 501 317.81 ...... 6.01 .12.3 6178.8
Sargent Bamhart Tract 2074 41.8 4.3 9.3 155.1 1 I
Sherman Island 341 381.~. ,. ~0.6 2.4 1772.4 5 65 5 6.
Shima Tract 2115 103.1 0.(] 0.0: 442.0 2 3 1 2
Shin Kee Tract 26.71 .0.2 0.0 605.2 1 1 2 2
Smith 1614 24~3 0.(~ "38.3’ 0:0.
Stark 2089 85.9 9.4 6.8, 339.5 1 2 2 4
~t.aten Island 38 250.1 0.(~ 2.4! 8397.9. 7 26 3 11
Stewart Tract 2062 233.-q 42.9 17.2 1115.9
S_utter !sland 349 223.£ .0.0 0.C 494.1
T.erminous 5~.-8 648.~ 181.5 4.4 7859.6 5 19 4 8
T.~tchell 1601 236.7 0.0 4.6 632.1 4 5
Tyler Island 563 403.~ ~0.2 1A 5599.8 3 4 3 5

Walnut Grove 554 23.:8... 0.0 0.(~

137.:.8.

J.nion Island 1~2 645.0 8.9 46.7 8391.0 4 29 4
Van Sickle Island i607 0.0 0.0 0.0 0.0 4 14 1 1
V.ea[e Tract 2065 161.:1 ,.i 5.2 0.0 926’.’~ ’

~ictoria Island 2040 265.6 1.7 0.0 2~97;.6=     4 34 1 3
Nebb Tract 2028 40Q..6 . 78.7 92.9 1332.8 5 33
/Veber 828 0.0 0.0 3.9 898.1
~inter Island 212; N/D N/D N/D 0.01 ......
~oodward Island 2(~72 143.0 0.1 0.’0 01~I 2 22 3 4
Nright-Elmwood Tract 21!9 122.9 0.1 7~7 0.0] 1 1

~... 307 199.7 10.9 6.0 1264.7
369 73.9 156.8 139.5
536 117~.4 78.9 0.3 ’ 807.~ ’ "
76~ ’ 96.2 4.8 11.2 428.~~

813 90.9 9.3 1:7 405.~
9001 687.7 ,. 70.7 21~8 1740.2
99~. 852_5 33.6 23.3 .8779.4

2092 240.8 39.6 12.5 3087.3
20~8 228.9 .69.7! 74.9 1111.8
209E 1265.8 857.(: 5.8 ,1350.4

..2121 10.3 45.8 0.4 261.9
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I Inlerior to Levee
Known Special- Known Special-

Status Plant Status Wildlife

i Native Ripadan = Occurrences (by" 1995) Occurrences (b’{ !995)
Reclamation Vegetation Wetlands Habitats # # #         #

ISLAND District IAcres~ IA~esl IAcras~ spades occurences spades occurence
:B’acon Island " 2028 260.5 0.0 6.8 1 1
Bethel Island 326.7 2,4 90.7 1 1
Bishop Tract 2042 ,70.2 6.7 1,1 1 1
Boggs (Moss Tra.ct) 404 15,8.2 3.4 61,9
Bouldin Island 756 144,2 0.0 5.3
Brack Tract 2033 106.3 8.3 0.0 1 2 2 8
Bradford Island 2059 121,9 0.0 14.8
Brannan/Andrus Island 3 6 2 2

I Andrus 317 67.5 6.2 2.2
Andrus, Isleton 407 44.2 23.9 0.0 ,.
Andrus., Upper 556 8.6 0.0 0.0
Brannan 206i 124.9 21,6 5.7

E~y"ron Tract 800’ 836.5 54.7 0,3 6 7 1 3

I 3anal Ranch 2056 132.1 18.5 0.0 2 5
.3oney" Island 2117 35.4 1.8, 1.4
~3ead Horse Island 2111 10.1 0,0= 0.0
Empire T.ract 202,c 106.2 18.2 14.6
--abtan Tract 773 124.4; 10.~ 10,0

I iFa~t 2113 18.41 0.(3 2.7~
31anville Tract 1002 239.(: 55.7 11.3
’Grand Island 3 258.7 37.3 13.2’ 2 3 1 t
Hastin.qs Tract 2061 266.8 80,3 0,6
Holland Tract 2025 310.~ 15.7 31.6 1 1
H, olt Station 2111 2.2 0.8 0.0

I Hotchkiss Tract 799 723.5 4.3 44.5
Jersey" Island 836 574.8 16.3 51.6
Jones Tract

Jones. Lower 2038 95.6 0.0 1.1 1 1
Jones. Upper 2039 312.7 2.4 0.0

I <ing Island 2044 51.2 0.0 0.0
Little Mandeville 2118 33.4 0.0 5.8
Mandevitle Island 2027 29t.3 85.6 13.7
McCormack William.son Tr i 2110 34.1 0.0 6.6
McDonald Island 2030 223.1 76.8 10.9

I Medford I~land 204" 67.9 2,3 16.2 1 1
Merritt Island 150 117.1 0,0 0.0
Mildred Island 202" 100.2 0.0 0.0

.. Nab/lee Burke 1007 0.0 0.0 0.0
New Hope. Tract 348 236.1 52.9 4.2 1 1

I Orwood Is!and 2024 158~7 0.0 3.3
Palm Tract 203~ 148.9 0.0 0.0
Pescedero 2058 164.6 6.7 6.4 2 4
~’i’erson E~Js~ct 551 124.6 25,8 3.6
~.r~pect Island . . .166Z: .... 368.4 2.6 .0.2 ..... 1 1 ..........
~tuimby {stand 20~0i 120.6 0.01 13.6

I :~indge Tract 2037 232.8 0.0: 0,5
IRio Blanco Tract 2114! 76.7 16.8 4,7
Roberts Istand -I -I 2 6

Roberts, Lower ,68~ 173,5 21,4 4.7
Roberts, Middle 524 99.6, 8.8 1.3

I Roberts. Upper 544 47.~] 0.7 4.2 -I
Rough and Reader Island 201.2~ 80.7 113.C
Ry"er Island 501 56.7 .9.5 0.4
Sargent Barnhart Tract 2074 19.4 1.2 8.3
Sherman Island 341 167.4 0.0 2.~ 2 2

I Shima Tract 2115 64.7 0.0 0.O
Shin Kee Tract 3.7 ,0.1 0.0 1 1
Smith 1614 12.1 0.0 1.9 ....
Stark " 2089 47.7 8.3 0.4
Staten Island 38 138.5 0.0 0.9 2 2 1 6

i Stewart Tract 2062 105.9 2.6 3.6 2 2 2 2
Sutter Island 349 104.7 0.0 0.0
,Terminous 548 517.3 174.9 4,4 1 1
Twitchell 1601 141.8 0.0 4.5
ITy"ler Island 563 50,7 9,9 0.5 1 1

Walnut Grove 554 11.9 0.0 0.0

I Union Island 1.2 398.2 7.0 42.8 2 2 3 5
Van Sickle Island 1607 0.0 0.0 0.0
Veale Tract 2065 125.6 4,4 0,0
V,=nPe Is}~*nd 2023 o16 0 3.2 66.5
Victoria Island 2040 14Q.6 O.0

I Webb Tract 2026 337.9 78.7 84.3
Weber 828 0.0 0.0 3.9
Winter Island 2122 rdd rdd n/d
Woodward Island 2072 79.8 0.0 0.0
Wd~ht-Elmwood Tract 2119 67.4 q:Q 7,5

I 307 153.5 10.9 1.2
369 63.6 15.6 18.3
536 1154.5 78.9 0,0
765: 85.4 4.8 0.0
813! 57.3 9,:1’ 0.0
900 531.; 66.5 17.6

I 999 420.2 28.4I 18.6
1608~ 0.O 0.0! 0.0 ’ ’
208~ 161.6 1.1 5.7
209~ 140.3 21.~ 2.8

209E , 1229.0 844.8 0.0 .....
2121 10.2 43.7 0.0 ,;..,
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Exterior to Levee
Known Special- Known Special-

status Plant StabJs VV~ldlife
Native             Riparian Occurrences (by 1995) Occurrences (by 19951

Reclamat~an Vegetation WeUands; H~bitats     #         #         #         #
ISLAND District fAcres~ IAo’esl IA~es species 0ccurences species occurence=

Bacon Island 2025 99.7: 0.0 0.4 4 47 2 8
Bethel Island 18.C 0.0 0.2 4 19
Bishop Tract 2042 32.91 0.9 0.5 1 1
Boggs (Moss Tract} 40=1 35.31 0.{~ 0.7
Bouldin Island 755 73.2 0.3 0.C 5 46 4 5
Brack Tract 2033 89.6 0.0 0.0 2 5 2 7
E~radford Island 2059 49.2 0.0 0.0 2 5
:~rannan/And~s Island 6 40 3 5

Andrus 317 68.5 1.5 3.3
, Andrus. Isletan 407 94.5 0.2 0.~

Andrus. Upper 556 148.5 0.0 1.7
Brannan 2067 350.6 10.0 2067

Byron Tract- 800 37.8 0.2 0.3 3 10 1 2
Canal Ranch 2086 47.3 0.0 0.0 4 9 1 2
Coney Island 2117 49.0 0.7 . , 0.2 2 8 1 3 ’
Dead Horse Island 2111 18.7 0.0 0.0 1 5 1 1
Empire Tract 2029 70.4 0.0 0.1 4 15 2 2
Fabian Tract 773 215.1 2.1 28.6 2 9 3 10
Fay 2113 13.1 0.0 0.0 2 5 1 1
Glanville Tract 1002: 59.5 45.3 28.3 4 9 3 3
Grand Island 3; 410.0 0.0 15.6 1 1
Hastings Tract 2060! 118.2 1.9 0.0 2 3
Holland Tract 2025! 73.1 0.1 i 0.0 4 39 1 1
Holt Station 211~" 0.7 0.2i 0.0
Hotchkiss Tract 79~ 23.1 0.4 .., 0.0 2 11 2 2
Jersey Island 830 122.~ 0.5 6.6
Jones Tract

Jones. Lower 2035 72.0 0.0 0.0     4 14 1 2
Jones. Upper 203~ 93.3 31.4 0.0     4 15 3 4

King Island 2044 63.8 0.0 0.0
Little Mandeville 2118 17.0 0.0 1.5
Mandeville island 2027 44.8 0.1 28.2 3 20 1 1
Mc~.ormack W~lliamson Tr 2110 32.6 0.0 1.9 4 18 1 5
McDonald Island 2030 172.1 0.0 3.3 4 16 2 2
V~ed ford Island 2041 16.8 0.9 1.1 2 4 2 2
~erritt Island 150 121.4 ¯ 0.0 1.0 1 2
Vlildred Is]and 2021 51.7 0.0 0.0 1 1
~,laglee Burke 1007 0.0 ¯ 0.0 ..... 0.0 " ,’ 1 1
~ew Hope Tract 348 66.9 1.6 0.5 1 12 4 16
3rw~,,.od Island 2024 53.6 0.0 1.3 2 4
Palm Tract 2036 56.7 0.6 0.0 3 17 2 5
Pescadero 2058 140.3 1.8 17.8 1 2
P=erson Uistnc~ 551 153.0 3~.6 21.1 2 6 3 5

. ,~lsland . . 166Z .... 55.0 0.7 .... 3.2 .... 2 2 ..............
Quimby Island 2090 18.8 0.0 0.6 4 7
Rthdge Tract 2037 114.6 0.0 0.1 3 26 1 1
Rio Blanco Tract 2114 17.8 0.5 9.7 1 1
Roberts Island 3 9 4 17

Roberts. Lower 654i 130.2 5.3 5.2
Roberts. Middle 524 77.7 0.1; 23.5
Robe=ls. Upper 5441 159.3 9.2 3.2

Rough and Reedy Island -, 32.7 3.9; 5.7 1 2
Ryer Island 501i 251.1 1.5 11.9
Sargent Bamhart Tract 207,~ 22.2 3.1 0.9 1 1
Sherman Island 341 214.5 40.5 0.4 5 65 3 4
Shima Tract 211E 38.4 0.(~ 0.0 2 3 1 2
Shin Kee Tract , .. 23.0 0.1 0.0 2 2
Smith 161.~ 12.2 0.0 36.3
Stark 208S 38.2= 1.1 6.4i 1 2 2 4
Staten Island 3E 111.7 0.0 1.51 7 24 3 5
Stewart Tract 206~ 127.9 40.4 13.61
Sutter Island 34E 118.8 0.0 0.0i
,Terminous 54E 130.7 6.6 0.01 5 19 4 7
Twitchell 1601 95.1 0.0 0.0 4 5
Tyler Is]and 563 353.C 0.3 0.9 3 4 2 4

Walnut Grove 55~ 11.9; 0.0 0.0
Union Island 1.~ 246.8 1.9 3.~ 4 27 2 6
Van Sickle Island 160"/ 0.0 0.0 0.C 4 14 1 1
Veale Tract 20~ 35.5 0.8 0.0
~."en~ce I¢l:]nd 2022 49.0 0.0 _0.3. ---- 3 7 1 1
Victoda Island 2040 125.0 1.7 0.0     4 34 1 3
Webb Tract 2025 62.7 0.0 8.5 " 5 33
Weber 825 0.0 0.0 0.0
Winter Island 2122 n/d n/d rVd
Woo~ard Island 2072 63.2 0.1 0.0 2 22 3 4
Wright-Elmwood Tract 2119 55.6 0.1 0.1 1 1

307 .46.2 0.0 4.5
" 369 10.3 141.2 121.2

536 24.9 0.0 0.3
755 10.8 0.0 11.2
813 33.6 0.2 1.7
900 156.5 4.2 4.2
999 432.3 5.1 4.7

1608 0.0 0.1 0.0
2084 43.8 0.0 0.1
2093 100.5 17.7 9.7
2095 37.4 9.4 11.7
2098 36.8 12.2 5.8
2121 " 0.1 1.8 0.4
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I
I
I
I USGS1

I Reclamation
ISLAND District USGS Quad

Bacon Island 2028 Bouldin Island, Woodward Island
E3eff~el Island - Bouldin I.sland, "Jersey Island " "

I Bishop Tract 2042 Terminous
Bo~lgS (Moss Tract) 404 IStockton West
Bouldin Island 756 Bouldin Island, Isleton, TerminousI Brack Tract 2033 Tl~ornton ’ "
Brac~fo~d i~’iand 2059 Jersey, Island
Brannan/Andrus Island

Andrus 317 Bouldin Island, Iste!.on
Andrus, ’isleton 407 Isleton
Andrus, Upper 556 Isleton
Brannan 2067 Rio Vista, Jerse.y Island

I B~,ron Tract 800 Clifton C .ourt Forebay, Woodward islan, d
Canal Ranch 2086 Thornton
Coney island 2117! Clifton Court Forebay
Dead Horse Island ; 2111 Thornton .... ;,. , . . ... ; ....
Empire Tract : .... 2029 Terminous
Fabian Tract 773 Clifton Court F0.rebay, Union Island
Fa)~ 2113 Woodward Island
Glanville-Tract "- ....... -1002 B~u~eviii~
Grand Island .. 3 Rio Vista, Courtlan..d., Islet.o. n
Hastings Tract 2060 Dozier, Liberb/Island
-lolland Tract 2025 Bouldin Island, Woodward island

Statio~ 2116 HoltHqlt.
Hotchkiss Tract 799 J..em...ey !s.land
Jersey Island 830 Jers.~y Island

I Jones Tract
,Jones, Low.er 2038 Woodward Island, I~olt
Jones, Upper 2039 Woodward Island, H~I~

King Island 2044 Terminous
Little Mandeville 2118 Bouldin Island
M~ndeville Island 2027 Bouldin Island
McCormack Williamson Tr 2110 Brucevill’e
McDonald Island 2030, Bouldin Islal~ld, WoOdward Isl.a.ndi’"Holt, Terminous
Medford Island 2041 Bouldin Island
Merritt Island 150 :Clarksbur9; Courtland. "’
Mildred I~i’and 2021 Woodward Island
Ha~lee Burke 1007 Union Island
New biope Tract " " 348 Bruceville, Thornto~
Orwood Island 2024 Woodward Island

i Palm Tract 2036 Woodward Island
Pescadero 2058 Lathrop, Union Isla..nd
Pierson District 55i Courtland
Pr..ospect Island .. 16~7 Rio Vista, L.iberty I.sland
Quimby Islan..d 2090 Bouldin Island
Rindge Tract 2037 Holt.; Te~rni.nous

i
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USGS2
I

Reclamation ....
ISLAND District , , USGS Quad. ,

Rio Blanco Tract 2114 Terminous
~oberts Island

Roberts, Lower 684 Holt
Roberts, Middle 524 Stockton West, Holt
Roberts, Upper 544 Lathrop, Union Island, Holt

Rou~lh and Ready Island - Stockton West
Ryer Island 501 Rio Vista, Libert~ Island, Courtland, Isleton
Sar~lent Barnhart "l:~:~t 2074 .S’t.o.ckton West
Sherman Island 341 Antioch North, Jersey Island
Shima Tract 2115 Lodi South, Terminous
Shin Kee Tract - Terminous
Smith 1614 Stockton West
Stark 2089 Union Island
St_~ten Island 38 Bo~ldin Island, isleton, Thornton
Stewart Tract ’ 206,2 Stewart, Un!on Island..’ , .
Suffer Island 349 Courtland ’
Termino~s ...... ¯ ....548 Th0mt0n,Terminous "
Twitchell 1601 Jersey Isla__nd_
Tyle,r I.s.!.an.d,, 563 Isleton
Union Island - 1, 2 Clifton Court F0rebay, Woodward Island,, Union Island, Holt
Van Sickle Island 1607 Honker Bay
Veale Tract 2065 Woodward Island
Venice Island 2023 Bouldin Island
Victoria Island 2040 Clifton Court Forebay, Woodward Island., Holt
Walnut Grove 554 T.h0rnton, Isleton
Webb Tract 2026 Bouldin Is~land, Jersey Island
Weber 828 Stockton West
Winter Island 2122 Antioch North
Woodward Island 2072 Woodward Island
Wright-E!mwood Tract 2119 Stockton West, Lodi South, Holt, Terminous

307 Clarksbur~l
369 Thomton, Courtland
536 Rio Vista
765 Clarksbur~ .
813 Courtland
900 Sacramento West
999 Clarksburg, Liberty Island, Courtland ..

.1608 Lodi South, Stockton West ..
2084 Rio Vista
2093 Liberty Island
2095 Vemalis, Lathrop
2098 Libert~ Island .
2121 Woodward Island
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Summary

Island subsidence has played a key role in bringing the Delta islands to where they are today; relatively
tall levees (8 to 25 feet above sea level) protecting interiors (up to 22 feet) below sea-level. Island
subsidence is an important issue in the Delta. The Subsidence Subteam, however, was tasked with
addressing the relation of island subsidence to levee system integrity.

The risk to levee integrity from island subsidence has diminished because of improved levee
maintenance practices and land management practices. Island subsidence rates have decreased, and
levee construction techniques have improved. In addition, a zone of influence extending from the levee
crest to some distance inland has been identified, beyond which interior island subsidence will not affect
levee integrity. The levees lose ground elevation on their own due to the addition of levee material, but
this is a very different process than island subsidence. This report addresses subsidence as it affects
levee integrity within the zone of influence adjacent to levees.

Goal

The goals of the Subsidence element of the Levee Program are to reduce or eliminate the risk to levee
integrity from subsidence, and assist in the coordination of subsidence-related linkages with the other
CALFED programs.

Scope

The Long Term Levee Protection Plan focuses on subsidence that affects the levee system. This report
describes Delta conditions, causes of subsidence, subsidence as it affects levee integrity, mitigation
options related to levee integrity, and target areas for subsidence control based on the best available
information. Subsidence issues, concems, and solutions will also be addressed in the Ecosystem
Restoration and Water Quality Programs.

Conditions In The Delta

Surface and subsurface materials. (References 5 through 12)

The present-day Delta deposits began to form during the end of the last glacial period, 7,000 to 11,000
years ago as sea level began to rise (Ref 4). As the Delta evolved, tributaries formed a series of
channels, natural levees, berms, islands and sloughs. The major rivers and channels periodically incised,
then were back_filled as the climate changed. Tules, reeds, and other fibrous aquatic plants growing at
water level were preserved as peat beds when post glacial sea levels rose slowly and inundated the
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Delta. Under natural conditions, the islands received fine- and coarse-grained sediments during river
floods. As a result, the subsurface sedimentary profile generally contains inter-bedded layers of sand,
silt, and of varying thickness. The of subsurface conditions is reflected in the wideclay peat complexity
variety of surface soil types found throughout the delta. The surficial materials encountered in the Delta
include mineral soils, mineral organic complexes, organic soils, and peat.

Ground surface elevations. (Reference 11, Delta Atlas)

Ground surface elevation varies throughout the Delta from the high ground along the levee
crests to the low ground in the island interiors. Levee crest elevations generally range from about 8 to
25 feet above sea level. A significant portion of Delta land surface is below sea level. Lowest surface
elevations are on the order of 22 feet below sea level. Refer to Figure 1 (based upon a 1974 survey)
for an indication of the extent of land surface elevation below sea level. Updated ground surface
elevation data is needed.

Island Subsidence and Levee Subsidence

Definition

Subsidence is a downward movement of the ground surface over time. For the purposes of this report,
"Island subsidence" refers to the loss of interior Delta island ground surface elevation. The downward
movement of the levee itself, generally due to an application of a load, is referred to as "levee
subsidence." The causes and impacts of levee subsidence are much different than the causes and
impacts of island subsidence, but the primary causes of both will be discussed here together because
there is an overlap of contributing causes.

Causes of Island Subsidence and Levee Subsidence (References 1 through 12)

Island subsidence and levee subsidence in the Delta are mainly caused by near-surface processes
including consolidation/settlement, shrinkage, and aerobic decomposition. Other near-surface causes of
island and levee subsidence include anaerobic decomposition, wind erosion, and burning. Deep seated
causes of subsidence include the withdrawal of oil, natural gas, and water, and tectonic activity. These
causes were assumed to contribute little to present-day subsidence.

a) Consolidation/settlement: Consolidation/settlement occurs in response to an increase in
load, such as when ground water is removed or when materials are deposited in an area by
humans or nature. Consolidation due to levee building (increasing loads on foundation
materials) is the primary cause of levee subsidence. Consolidation also occurs due to increased
effective stress on underlying peat and decreased buoyant forces supporting peat as a result of
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incremental dewatering (Ref. 1).

b) Shrinkage: Shallow de-watering is considered a cause of island and levee subsidence
because it leads directly to shrinkage and drying of soils above the water table, consolidation of
soils just above the water table, and leads to aerobic decomposition of organic soils above the
water table. The relative effect of each of these factors depends on the amount of organic
matter in the soil, the depth of de-watering, and climate. With each incremental lowering of the
water table, the contribution to island subsidence from shrinkage, consolidation, and oxidation
are all high. With time, long-term island subsidence is sustained by oxidation. Shrinkage is
governed by the initial moisture content and the organic matter content. Fine grained organic
soils and peat can shrink 50% or more in volume.

c) Aerobic decomposition (microbial oxidation): Long-term island subsidence is sustained
primarily by the microbial oxidation of soil organic carbon. The peat soils contain a complex
mass of carbon. Microorganisms such as bacteria and fungi use it as an energy source resulting
in peat decomposition and the release of carbon dioxide (CO2) under drained, oxygen-rich
conditions. Studies by the Department of Water Resources and the US Geological Survey
(Deverel and Rojstaczer, 1996) demonstrate that the amount of oxidation is proportional to the
soil temperature and moisture content.

Oxidation rates increase with temperature, higher pH, and higher organic matter content of the
soil. There is an optimum moisture content for oxidation; oxidation decreases at very high and
very low moisture contents. Drainage and tillag.e promote aerobic decomposition, but island
subsidence is not substantially affected by crop type. Island subsidence due to oxidation will
decrease with time as the organic matter content in the upper soil decreases and the relative
percentage of mineral constituents increases. There does not appear to be a correlation
between peat thickness and subsidence rates. There is a direct correlation between depth to
the water table and the amount of subsidence due to microbial oxidation. The higher the water
table, the less the island subsidence.

Levee Subsidence (Reference 4,12,13)

Most levee subsidence is caused by the weight of the levee fills compressing the foundation materials.
The foundation materials underlying the levees vary throughout the Delta from various thicknesses of
peat soils to mineral soils. Rate of levee building and foundation conditions govern levee subsidence
rates and the total amount of subsidence. Geotechnical engineering fundamentals must be applied to
safely and economically build new levees and rehabilitate existing levees founded on weak,
compressible materials.

Regardless of load application to the levees, the levees settle with time. In the 1960’s, a set of curves
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was developed for estimating crest settlement with respect to variables of peat thickness, height of
levee, and age of levee. These curves were updated to incorporate recent data, and are included as
Figures 8 and 9. These curves of predicted movement were compared with actual crest elevation
measurements on selected islands, and results indicated that measured settlements were generally
comparable to calculated values and ranged from 2 to 7 inches per year (Ref 5).

There is a great deal of information on the causes and effects of interior island subsidence, but interior
island subsidence has never been directly linked in publications to levee subsidence. A recent Corps of
Engineers geotechnical report stated that, "Independent of the island subsidence, the levees settle with
time. This settlement is caused primarily as a result of consolidation and plastic flows of the underlying
organic soils. Since island subsidence is independent of levee settlement, numerous levee geometries
are produced (Ref. 5)." Although "independent," the Corps document recognizes that island
subsidence may influence levee integrity. This document also presents the concept of a "zone of
influence(ZOI)," beyond which interior island subsidence does not affect levee integrity.

The Corps developed curves for estimating settlement of fills placed on organic material (figures 6 and
7). Considerable judgement should be exercised in using these curves. As examples, settlements were
calculated using these curves for a 4.5-foot-thick stabilizing berm and a 2-foot-thick subsidence control
cap. Assuming a 45-foot-thick unconsolidated peat layer, the 4.5-foot thick ~1 causes approximately
13.8 feet of total settlement at an initial time-averaged rate of about 6 inches per year, and the 2.5-foot-
thick soil cap causes approximately 6.0 feet of total settlement at an initial time-averaged rate of about
2 inches per year. Based on experience, the calculated settlements are too high and the initial
settlement rates are too low. It is common in the Delta for new fill to settle rapidly and total settlement
to be roughly equal to the applied fill layer thickness. When compared to interior island subsidence,
levee subsidence (settlement) can be significantly greater than island subsidence and is probably the
primary reason for performing a high level of levee maintenance.

Near-levee subsidence will effect levee stability. This subsidence is the result of de-watering and the
associated consolidation, shrinkage and decomposition of high organic content materials near the levee.
Engineering analysis indicates there is a discrete distance away from a levee, a zone of influence,
beyond which subsidence no longer adversely affects levee integrity.

Zone of Influence

The zone of influence is an area from the crest of the levee to some distance inland where island
subsidence may impact levee integrity. Beyond this zone of influence, island subsidence will not affect
levee integrity. Although the ZOI for a reach of levee can only be determined using site-specific data,
geotechnical engineering analysis and judgement can be applied to characterize its extent. The Subteam
estimated the ZOI for Based available information and engineering judgement,planningpurposes. upon
the ZOI is estimated to range from 0 to 500 feet from the levee crest, depending on site-specific
conditions. Since the ZOI is a site-specific characteristic, it could change with time as site conditions
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change. The following engineering analyses could contribute to the determination of the ZOI on a site-
specific basis.

a) Static stability: geotechnical engineers use stability analysis to determine factors of safety and
critical failure modes for earthen structures (Refer to Figure 2). Numerous Delta levee stability
analyses indicate that there is a definable distance from the levee beyond which soil properties
and changes do not affect levee stability. The limiting distance often ttmas out to be
approximately 3- to 4-times the thickness of the peat layer beneath the levee. For example, the
thickness of the deepest peat layer in the Delta is approximately 60 feet (Refer to Figure 3).
Therefore, any island subsidence beyond 180-to 240 feet from the levee would probably not
affect static levee stability. If the peat layer was less thick, which it is for most of the Delta, then
the distance would be smaller for static stability.

b) Seepage: Subsidence of the land side ground surface adjacent to a levee may cause through-
levee and foundation seepage changes. Changes in hydraulic gradients, seepage volume, water
levels, and exit gradients may all result from subsidence. Site specific analysis will determine
whether these changes impact levee integrity, however, we can use generalized flow net analysis
to make some observations.

Flow net analyses indicate that critical exit gradients are most likely to be exceeded at or in
close proximity to the levees. Critical gradients are less likely to be exceeded as the distance
from the levee increases. In addition, flow net analyses indicate that drainage ditches located
near the levees can have a detrimental effect on levee seepage (Refer to Figure 4). Interior
island subsidence adjacent to levees could affect seepage by decreasing the seepage path. A
shorter seepage path leads to increased seepage. Increased seepage may lead to piping and
levee integrity problems.

Seepage analyses also indicate that there is a definable distance from a levee beyond which soil
properties and changes in ground surface elevations do not affect seepage and levee integrity.
Similar to the stability analyses, determining a precise zone of influence with respect to seepage
is difficult, because seepage is dependent upon complex local subsurface conditions and levee
and foundation geometry. What the seepage modeling and "flow nets" show, however, is that
there are limits beyond which changes and affects are negligible. Thus we can deduce that
there are boundaries beyond which changes will not affect seepage and levee integrity. This
boundary can be determined through site-specific analysis, but from a practical standpoint,
wherever an open seepage collection trench can be constructed without jeopardizing levee
integrity, then interior island subsidence beyond that point is unlikely to be a levee concern.

c) Deformation: Deformation is the spreading movement of soft soils in a reaction to load.
Deformation can also be the result of loss of support at the levee toe, i.e, subsidence, and
excavation of a drainage ditch. The Sherman Island deformation analysis report (ref 13)
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provided analysis for an island that might be considered worst-case due to the thickness of the
peat layer beneath the levee and the size (load) of the levee. Although the Sherman Island
analysis did not consider the impact of future island subsidence on deformation, the information
indicates that there is a distance beyond which deformations do not occur. For the computer
deformation modeling, a boundary condition was set at approximately 300 feet from the crest
of the levee, a distance beyond which deformation did not occur. Extreme future island
subsidence may impact a levee, however, it is important to note that island subsidence occurs
slowly, and that levees usually adjust to island subsidence as it occurs without detrimental
effects on stability.

Clearly, the zone of influence will vary with site specific levee and foundation conditions and levee
geometry. For example, the greater the height of the levee embankment above the island floor and the
greater the thickness of weak and compressible layers, such as peat, the wider is the zone of influence.
Monitoring and research will later define this zone.

Hydrostatic Pressure.

It has been commonly reported that subsidence of island interiors leads to increased hydrostatic
pressure and levee instability. The implication that levees are now required to withstand a greater
hydrostatic head of water than they were originally constructed is inaccurate in that the exterior water
elevations remain the same. However, a decrease in the land mass resisting such hydraulic pressures
may occur. Also, seepage forces and quantity will change due to increased hydraulic gradient. The
decrease of island surface elevations is a contributing cause to the need for ongoing work to maintain
the height and desired safety factor of the levees. Periodic levee improvements replace some of the
land mass that was lost to subsidence.

Island Subsidence

Island Subsidence will be generally discussed here, because the focus of this report is subsidence as it
impacts levee integrity. Island subsidence impacts levee integrity only when it occurs in proximity to a
levee. Subsidence within the ZOI may decrease stability, increase seepage, increase the potential for
piping, or increase the potential for levee deformation. At many locations, however, island subsidence
is occurring too slowly or too far from the levee to be a threat to levee integrity. As long as the ZOI is
protected from subsidence, levee integrity with respect to island subsidence should be assured.
Although island subsidence outside of the ZOI does not impact levee integrity, it does impact the
interior of Delta islands and their associated land uses.

Historically, time-averaged Delta-wide island subsidence rates have ranged from about 0.5 to 5.0 in/yr.
Recent research indicates that island subsidence varied from about 0.2 irdyr to 1.2 in/yr for soils with
organic contents varying between 20% and 50% (Reference 4, Rojstaczer and Deverel (1995).
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Subsidence rates are slowing. Present day subsidence rates were measured continuously from 1990
to 1992 by Deverel and Rojstaczer (1996) on Sherman and Jersey Islands and Orwood Tract. These
authorsreported rates of 0.2, 0.24, and 0.32 inch per year on Sherman, Jersey, and Orwood,
respectively.

Island subsidence rates are site specific. No single island subsidence rate, such as the commonly used
2.5 to 3 inches per year, is valid for an entire island. Total island subsidence rates vary greatly and
average island subsidence rates at specific sites appear to be diminishing with time. Rates may be
greater in areas subjected to new or deeper de-watering.

Remedial Action and Prevention

The approach to control of levee subsidence will be fundamen~lly different than the means and
methods employed to control island subsidence because of the differences in the primary causes of
subsidence.

Levees (References 4 through 13)

Potential levee subsidence mitigation actions that should be considered are:

1)Thorough application of geotechnical engineering principles and practices in conjunction with
proven construction methods. Levee subsidence will continue as long as levee building and
repaircontinue to add loads onto weak compressible foundations.

2)Seepage control, de-watering efforts, excavations, and land management activities in
proximity to levees must be modified to minimize adverse impacts to levee integrity.

3)Stability and drainage berms can be strategically located and sequentially constructed tō
minimize or prevent levee deformation.

4)Land leveling and other ground surface modifications (e.g. ditching) should be restricted
within the zone of influence. High ground water levels and vegetative growth could be tolerated
in some areas to accommodate measures aimed at reducing island subsidence due to oxidation.

Island Interiors, Including the ZOI (References 1 through I 0)

Currently the best approaches to managing island subsidence, include a) minimizing or preventing the
lowering of the groundwater level, b) capping or covering susceptible surface deposits with mineral soil,
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and c) permanent shallow flooding, and d)reverse wetland flooding.

Delineation of Areas for SubsidenceTarget

Subsidence control and monitoring will be most important for the western and central Delta islands,
where the depth of organic soils are the greatest and the organic content of the deposits are commonly
high. Previous attempts at prioritizing areas and islands, based on depth of peat and organic matter
content, provide a good starting point for the development of a subsidence control and prevention
program. It appears from this initial prioritization effort that only some islands and in some cases only
parts of islands are affected. Refer to Figures 5-1 through 5-8, Subsidence Target Areas, for examples
of islands and levee reaches most likely to be affected by subsidence (Deverel 1997, References 1 &2).
The number of levee miles potentially affected by subsidence was calculated using Figure 5. About
60% of the levees in the central and western Delta, but less than 30% of all the levees in the legal Delta,

for subsidence control.aretargeted

The objective of the maps in Figures 5-1 through 5-8 is to target areas for subsidence monitoring and
control in the Delta. The general approach was to enter recent available data for the Delta for island
subsidence rates, depth of peat soils and soil characteristics into a geographic information system
(GIS). The estimates for rates of island subsidence and peat thickness are an improvement relative to
the previous efforts by the Department of Water Resources because 1) the error in the estimated island
subsidence rate is lower, quantifiable and the result of uniform elevation change measurements, and 2)
the estimates for peat thickness are based on more recent and comprehensive data.. Also, the data
was entered into a GIS which facilitated the evaluation of the data for delineation of target areas in
greater areal detail than entire islands such as is presented in Department of Water Resources (1980).

The areal distribution of island subsidence rotes and peat thickness is used to delineate target areas for
additional data gathering and monitoring. The maps in Figures 5-1 through 5-8 used the esthnated ZOI
boundary of 500 feet around the islands. Within this boundary, the target areas are those where the
island subsidence rates are high and there is substantial peat remaining. The target areas have time-
averaged island subsidence rotes greater than 1.5 inches per year (island subsidence rates ranged from
about 0.4 inches per year to 5 inches per year) and peat thickness greater than 10 feet within the 500
foot boundary.

The term "peat" has been defined in many different ways. For the maps in Figure 5, "peat" will refer to
peat or peaty mud of tidal wetlands comprised of the organic deposits derived from decayed vegetation
that formed as the result of sea level rise during the last 7,000 to 11,000 years. The peat thickness
shown on the maps was calculated as the difference between the basal elevation of peat or peaty mud
deposits of tidal wetlands as mapped by Atwater (1982) and the land-surface elevation from the USGS
topographic maps(1976-1978). Atwater’s delineation of peat and peaty mud include the organic soils
mapped by Cosby (1941) and more recent soils surveys. The maps reflect borehole data collected as
of 1980.
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Monitoring

Subsidence monitoring should be tied to constructed base level projects because these areas provide
the most economical opportunities for gathering more data in conjunction with construction explorations
and monitoring. Subsidence monitoring should start with an evaluation of existing soils and their
distribution and a determination of land surface elevation within Target Areas in the Delta. Efforts
should be directed to areas on and adjacent to flae levees, within the ZOI. From a new, continually
updated database, a target list of levees and islands being impacted by subsidence can be maintained.
Monitoring will allow subsidence control to be adaptively managed as levee rehabilitation goes forward.
This monitoring efforts will be coordinated through CALFED’s Comprehensive Monitoring,
Assessment,and Research Program (CMARP).

Although subsidence has caused problems in the past, and will continue to be a problem for island
interiors, the potential impact of island subsidence on levee integrity has diminished. Land management
and levee maintenance practices have improved and island subsidence rates have decreased. As long
as island subsidence is adequately managed within the ZOI, levee integrity should be unaffected.
Although the ZOI for a reach of levee can only be determined using site-specific data, the Subteam has
estimated the ZOI for planning purposes. Based upon available information and engineering judgement,
the ZOI is estimated to range from 0 to 500 feet from the levee crest depending on site-specific
conditions. The ZOI could change with time as site-specific conditions change.

Subsidence control and monitoring will be most important for the western and central Delta islands,
where the depth of organic soils are the greatest and the organic content of the deposits are commonly
high. Previous attempts at prioritizing areas and islands, based on depth of peat and organic matter
content, provide a good starting point for the development of a subsidence monitoring, control, and
prevention program.

The levees identified as being target areas for subsidence remedial action and prevention will require
screening and integration with other issues affecting levees such as seismic stability requirements,
ecosystem restoration, and’Delta water operations. This integration will allow a better prioritization of
future subsidence remediation of the Delta levees.
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SUBSIDENCE MITIGATION IN THE SACRAMENTO-SAN
JOAQUIN DELTA

Executive Summary,

Subsidence on Delta islands crosses the boundaries of three of the CALFED common
programs, .Water. Quality, Ecosystem Restoration and Levee System Integrity. Consistent
with the CALFED values of integration, synergy and developing equitable solutions,
subsidence mitigation needs to be addressed comprehensively. Island subsidence merits
attention, future study and mitigation because of its relation to ecosystem restoration,
Delta water quality, levee stability and seepage onto islands from Delta channels.

Subsidence of peat soils on Delta islands has caused the land-surface elevations to
decrease since the islands were initially drained for agriculture in the late 1800’s and
early 1900’s. The land-surface elevations of islands where peat was once present or
where peat is present today rangefrom 5 to over 20 feet below sea level. The peat soils
have historically subsided at rates ranging fi:om 0.5 to 4.5 inches per year but subsidence
rates have decreased in recent years. The decreasing land-surface elevations have
resulted in a decrease in the landmass resisting the hydraulic pressures on the levees and
levees have been enlarged and strengthened over time. As the result of subsidence and
other factors, levee failure and flooding of islands have occurred frequently since the
early 1900’s. A long-term approach to subsidence mitigation needs to consider a
combination of non-structural and structural alternatives for managing and reversing the
effects of subsidence and integrating these efforts with ecosystem restoration.

Management and reversal of the effects of subsidence in the Delta is necessary to achieve
CALFED’s ecosystem restoration objectives. Ecological connectivity is important for
migratory fish species in the Delta, but the current lack of connectivity between Suisun
Marsh west of the Delta and riparian riverine habitat east of the Delta may limit the
restoration of these species. Steve Johnson of The Nature Conservancy in 1997 said:
"From an ecological perspective, there needs to be tidal freshwater wetlands covering the
full range of ecosystem gradients in the Delta, not just a few points here and there with
the rest of the tidal wetlands hugging the shores of the eastern Delta. To achieve this
range, elevations need to be restored on western Delta islands so that they can be brought
back into tidal circulation." Long-term reversal of the effects of subsidence in the Delta
combined with habitat restoration will be ne.cessary to restore connectivity across the
entire Delta.

Mitigation and reversal of the effects of interior-island subsidence is necessary to
minimize the consequences of levee failure over the long term. Probabilistic analysis
developed by the CALFED seismic hazard team suggest that levee failure is inevitable
over the long-term regardless of plans to upgrade levees to PL-99 standards. The
consequences and costs of levee failure and island flooding will be proportional to the
depth of interior-island subsidence.
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Water quality degradation in the Delta channel waters can result from levee failure in the
western Delta during periods of low flow, as in the example of the flooding of Brannan
and Andrus islands in 1972. This flooding required substantial operational changes in the
State and Federal water projects to reestablish the hydraulic balance and compensate for
salt-water intrusion. Continued subsidence on western Delta islands where there remains
10 to 60 feet of peat, will increase the volume of water that is drawn onto flooded islands
thus increasing salt water intrusion and the need for dilution releases from the State and
Federal water projects. For example, an average additional foot of subsidence on
Sherman Island (at the rate of 0.5 inch per year this will occur in 24 years) would create
about 9,900 acre feet of additional volume below sea level. This additional volume of
water could be drawn from the west during flooding and could increase reclamation
costs. Repairs and upgrades of Delta levees can cost from several tens of thousands of
dollars to over 1 million dollars per mile.

Seepage onto D~lta islands will increase as the difference in the water level in the
channel and the groundwater level on the islands increases due to continued subsidence
and deepening of drainage ditches. Increased seepage may require increased volumes of
drainage to be pumped from Delta islands and increased pumping capacity and pumping
costs. Increased drainage volumes may lead to increased loading of dissolved organic
carbon to Delta channels. Increased seepage may also detrimentally affect levee stability.

The objectives of this report are to summarize the current knowledge of the causes, rates
and effects of subsidence, to present the information about non-structural alternatives for
stopping and reversing the effects of subsidence and to recommend directions for future
research and data collection. The approach was to 1) review and summarize the available
literature, 2) determine the relative magnitude of the different causes of subsidence using
the available data, 3) use the areal distribution of historic subsidence rates and peat
thickness to delineate priority areas for subsidence mitigation and future study and 4)
determine and describe possible mitigation measures and future data collection efforts.

Consistent with the May, 1997 Governor’s Flood Emergency Action Team Report that
recommended that "proactive nonstructural floodplain management strategies...be
implemented to reduce future flood loss and curtail the spiraling cost of State and Federal
disaster assistance", this report describes non-structural options for subsidence
mitigation. This report is a first step towards implementation of subsidence mitigation
measures on Delta islands. The focus is the subsidence of peat softs on Delta islands.
Levee subsidence that occurs primarily as the result of consolidation of organic materials
underlying levees is described in another report that focuses on levee integrity.

The results of the analyses presented here indicate that present-day subsidence in the
Sacramento-San Joaquin Delta is primarily the result of microbial oxidation of the peat
soils. The peat soils contain a complex mass of carbon that microbes such as bacteria and
fungi use as an energy source thus oxidizing the carbon to carbon dioxide gas. The
available data indicate that historically, microbial oxidation caused 29 to 55 percent,
consolidation and shrinkage caused 22 to 29 percent, wind erosion caused 3 to 34 percent
and burning caused 9 to 24 percent of the total subsidence that occurred from the late

fi
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1800’s through the 1970’s. Consohdation continues to occur as the elevations of
drainage ditches are lowered in response to subsidence due to microbial oxidation.
Burning and wind erosion no longer appear to be significant causes of subsidence.

This report summazizes the data for changing land- and water-management practices for
stopping and reversing the effects of subsidence of the peat soils. The results of research
conducted by the USGS in cooperation with DWR on Twitchell Island indicate that
seasonal wetlands in which the land is flooded during the fall and winter and drained in
the spring and summer will not stop subsidence or reverse its effects. The primary cause
of subsidence is carbon loss due to microbial oxidation of the peat. This oxidation is
highest during the spring and summer. In general, land- and water management practices
that result in drained and oxidized conditions during the spring and summer will result in
a net carbon loss and continued subsidence. In contrast, permanent shallow flooding to a
depth of about one foot resulted in a net accumulation of carbon which lead to the
accumulation ofbiomass. The results of coring in the experimental flooded pond showed
that about 3 to 6 inches of firm biomass accreted from 1993 to 1997 during 2 years of
growth under full vegetative cover and 2 years of growth under partial vegetative cover.
Capping of the peat with mineral material in the laboratory reduced carbon loss from the
peat.

A Geographic Information System developed and housed at the Departraent of Water
Resources Central District and available data for subsidence rotes and peat thickness were
used to delineate priority areas for subsidence mitigation. Figure 2 shows the location of
the priority areas. There are about 23,000 acres in first priority area that includes lands
where time-averaged subsidence rates from the early 1900’s to the mid-1970’s were 1.5
inch per year or greater and the peat is greater than 10 feet thick. There are about 36,000
acres in the priority 2 area that includes lands where time-averaged subsidence rates were
greater than 1.5 inch per year and the peat is equal to or less than 10 feet thick. Lands in
the priority 1 area are generally located in the central and central-western Delta where
there is relatively deep peat and time-averaged subsidence rotes have been generally high.
Large tracts of land in the western Delta are also included in the priority 1 area. Most of
the lands in the priority 2 area are in the central and centraI-eastem Delta where there
have historically been high rates of subsidence but the peat thickness is generally less
than 10 feet.

The error in the determination of areas in each priority varies depending on the
magnitude of the time-averaged subsidence rate and the error in the peat thickness data.
Where time-averaged subsidence rates were generally greater than 1.5 to 2 inches per
year, the possible error in the delineation of the priority areas appears to be low. Where
time-averaged subsidence rates are less than or equal to 1.5 inch per year, the error can be
large. The peat thickness estimates can be in error due to lack of data for specific areas
and because the data are based on land surface elevation data that are over 20 years old.
The possible error in the delineation of priority areas for subsidence mitigation and
slowing of subsidence rates in recent years points to the need for data collection to
determine the present-day magnitude and areal distribution of subsidence rotes.
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The delineation of priority areas for subsidence mitigation is a first step towards
implementation, designed to identify areas where future research and data collection
efforts are needed. There is still much to be learned about subsidence, subsidence
mitigation and the effects of subsidence. A comprehensive CALFED program is needed
to effectively conduct and integrate future subsidence mitigation efforts. Additional data
collection and research are required to:
¯ quantify and predict present-day and future subsidence rates,’
¯ determine the present-day areal distribution of peat thickness,
¯ refine the delineation of priority areas for subsidence mitigation,
¯ temporally and spatially define the effects of subsidence on levee stability,
¯ determine the influence of future subsidence on levee foundation deformation and

seepage through levees,
¯ determine the effects of continuing subsidence on future land use,
¯ determine the effects of future land subsidence on drainage water quality in Delta

channelsand seepage onto islands,
¯ develop land- and water-management practices for stopping and reversing the effects

of subsidence and
¯ integrate subsidence mitigation into ecosystem restoration efforts.

This report resulted from a cooperative effort among the Department of Water Resources
Central District (DWR), U.S. Geological Survey (USGS), the CALFED Bay-Delta
Program and HydroFocus, Inc. DWR funded the majority of the data analysis and data
collection described in this report related to the causes of subsidence, delineation .of
priority areas for subsidence mitigation and development of options for stopping and
reversing the effects of subsidence. USGS provided partial funding for data collection
and analysis related to the development of options for stopping and reversing the effects
of subsidence and provided comments on this report. CALFED provided the majority of
the funds for the writing of this report. Hydrofocus, Inc. donated time and materials for
the writing of this report. The Natural Heritage Institute also provided comments on the
report.
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I
SUBSIDENCE MITIGATION IN THE

i SACRAMENTO-SAN JOAQUIN DELTA

I 1.0 Introduction and Background

Prior to 1850, the Sacramento-San Joaquin Delta was a tidal wetland. The Delta was

I drained for agriculture in the late 1800’s and early 1900’s (Thompson, 1957). The
organic or peat deposits of the Delta formed.during the past 7,000 to 11,000 years from
decaying plants at the confluence of the Sacramento and San Joaquin Rivers (Atwater,

I 1982 and Schlemon and Begg, 1975). The drained peat soils on over 60 islands and
tracts are highly valued for their agricultural productivity and have undergone continuous
subsidence since they were initially drained1. A network of levees protects the island

I surfaces that range from 5 to over 20 feet below sea level, from inundation.

Drainage of the Delta islands was essentially complete by the 1930’s when the Delta

I assumed its present configuration of the islands and tracts surrounded by 1,100 miles of
man-made levees and 675 miles of channels and sloughs. When most of the original
levees were constructed on foundations of sand, peat and organic sediments, the

i difference between the water level in the channels and island surfaces was less than 5
feet. Because of the decreasing island-surface elevations due to subsidence, there has
been a decrease in the landmass resisting the hydraulic pressures on the levees and the
levees have been enlarged and strengthened over time.

As the result of subsidence and other factors, levee failure and floo.ding of islands has

I occulted since the early 1900’s. Prokopovitch (1985) reviewed the history, causes and
costs of flooding of Delta islands since the early 1900’s and the information in this and
the following paragraph was excerpted from pages 409-410 of his journal article. Island

I flooding in the early 1900’s resulted mainly from overtopping of levees during high tides
or spring and winter flooding. With the flood control provided by the construction of the
Central Valley Project in the 1940’s, overtopping became less of a factor and levee

I foundation instability increasingly became an important factor in island flooding. Over
50 islands or tracts have flooded since 1930.

I The data for cost of levee failures and flood damage are incomplete. However, as an
example, the cost associated with 11 of the 28 islands that flooded from 1969 to 1983
was about $177 million. Levee failure and island flooding.can result in loss of

I agricultural, commercial, industrial and residential property, recreational use,
communication lines and storage and transport of electricity and natural gas. The cost for
levee maintenance, upgrades and repair generally ranges from several tens of thousands

i to over 1 million dollars per mile. Subsidence contributes to the need for levee upgrades

I ~ Subsidence is defined here as the decrease of land surface elevation. Subsidence in this report refers to
the decrease in land surface elevation on the areas of the islands and Iracts on the land side of the levees

i and is different from the lowering of the levee surface as the result of compaction of foundation materials.

1
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and maintenance. Subsidence mitigation needs to be an integral part of any plan to
prevent future flooding of Delta islands.

The cited causes of land subsidence in the Delta include aerobic microbial oxidation of
soil organic carbon or microbial oxidation, anaerobic decomposition, consolidation,
shrinkage,wind erosion, gas, water and oil withdrawal and dissolution of soil organic
matter (Prokopovitch, 1985, Department of Water Resources, 1980; Weir, 1950).
Stephens and others (1984) identified 6 causes of subsidence in drained organic soils
worldwide; shrinkage due to desiccation, consolidation, compaction as the result of
tillage, wind and water erosion, burning and microbial oxidation. Stephens and others
(1984) reported that 53 percent of historical subsidence in organic soils in the Florida
Everglades was due to microbial oxidation. Schothorst (1977) computed the percentage
of the different causes of subsidence in organic soils in the Netherlands to be compaction,
28 percent; shrinkage, 20 percent; and microbial oxidation, 52 percent. The relative
percentage of the different causes of subsidence in Delta have heretofore have not been
quantified.

Purpose, Scope and Approach1.1

To effectively mitigate the effects of subsidence in the Delta, the effects, rates and causes
of subsidence and methods for stopping or reversing the effects of subsidence need to be
identified and quantified. This report 1) summarizes information about the effects,
causes and rates of subsidence, and 2) presents information about and recommendations
forsubsidence mitigation and future data collection.

The approach was to 1) review, synthesize and summarize the available literature and
available research results, 2) estimate the relative magnitude of the different causes of
subsidence using the available data, 3) use the areal distribution of historic subsidence
rates and peat thickness to delineate priority areas for subsidence mitigation and future
study and 4) determine and describe mitigation measures and future data collection
efforts.

The overall approach for estimating the relative magnitude of the causes of subsidence
was to use a computer model to synthesize and integrate the available data for subsidence
rates and causes. The model estimated the amount of yearly subsidence due to different
causes based on available data. The model results were compared with measured
elevation change for five islands; Jersey, Sherman, Bacon and Mildred Islands and Lower
Jones Tract.

The approach for the delineation of priority areas for subsidence mitigation was to use a
geographic information system (GIS) developed by the Department of Water Resources
Central District to analyze available data for the Delta for subsidence rates, depth of peat
soils and soil characteristics. The Department of Water Resources (1980) mapped the
islands of greatest subsidence and listed the peat thickness for each island. The
representation of the areal distribution of subsidence rates and peat thickness presented
here is an improvement relative to the previous effort (Department of Water Resources,

2
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1980) because 1) the error in the estimated subsidence rate is generally lower,
quantifiable and the result of temporally uniform elevation change determinations, and 2)
the estimates for peat thiclmess are based on more recent and comprehensive data. Also,
the data was entered into a GIS which facilitated the evaluation of the data for delineation
of priority areas in greater areal detail than entire islands such as generally presented in
Department of Water Resources (I 980).

2.0 Methodology

2.1 Methodology for Estimating the Relative Magnitudes of the Causes of
Subsidence

A computer model was developed to estimate yearly subsidence. The simulated causes
of subsidence were aerobic microbial oxidation of organic carbon, consolidation and
shrinkage, wind erosion, burning and withdrawal of natural gas and groundwater.
Subsidence due to aqueous carbon loss was not simulated because data presented by
Deverel and Rojstaczer (1996) indicated that it accounts for less than 1 percent of the
measured subsidence. Data presented in Deverel and others (1998) indicated that
anaerobic decomposition of Delta organic soils is small relative to other causes of
subsidence and was also not included in the model. The data and methodology for
simulating the causes of subsidence are summarized here and are described in detail in
Appendix A.

2. I. 1 Microbial Oxidation

The carbon flux data for Jersey Island collected from 1990 to 1992 (Deverel and
Roj staczer, 1996) was used to approximate the relation of microbial oxidation of organic
carbon to soil organic carbon content. This relation was then used to simulate subsidence
due to microbial oxidation for Jersey Island at the study location of Deverel and
Rojstaczer (1996). The mass of carbon lost by microbial oxidation was assumed to
follow Michaelis-Menton kinetics (Corm and Stumpf, 1976). In the Michaelis-Menton
equation, the amount of carbon loss due to microbial oxidation is proportional to the
amount of organic carbon in the soil.

2.1.2 Consolidation and Shrinkage

When the organic soils of the Delta were initially drained, there was substantial
consolidation and shrinkage due to water loss. There is also annual consolidation that is a
result of an effective stress on the peat material near the water table. As the soil subsides
and oxidizes, the elevation of the bottom of drainage ditches is decreased to lower the
water table thus decreasing the buoyant force of water supporting the peat. There is also
an increase in loading due to the increasing density of the oxidizing soil. Shrinkage may
also cause a loss in volume as the peat soils are dried but this has not been well quantified
in the Delta. This annual subsidence due to consolidation was simulated in the model as
equal to the volume of water lost when the water table is lowered. The amount of initial
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shrinkage and consolidation during reclamation was estimated from an empirical
equation presented in Eggelsmaun and others (1990).

2.1.3 Wind Erosion

of peat soils caused dust storms that affected Stock-ton, Lodi and TracyWinderosion
prior to the early 1960’s (Alan Carlton, former University of California Extension
Specialist for the Delta, personal communication, 1997). The prevailing westerly winds
of oceanic air masses moving to the Central Valley caused dust storms primarily during
May and June (Schultz and Carlton, 1959; Schultz and others, 1963). There are few
reported values of annual amounts of peat soil eroded by wind that range from 0.1 to 0.57
inch per year (Department of Water Resources, 1980; Carlton, 1965).

Crop histories in Thompson (1958) and the Weir transect notes (see Rojstaczer and
others, 1991) were used to determined the spatial distribution of crops grown on the
islands where land surface elevation changes were simulated. Wind erosion was
calculated at varying rates of 0.1 to 0.57 inch per year where asparagus was grown or
where the land was fallow. There was generally a shift from the planting of asparagus
and other vegetable crops to corn in the Delta in the 1950’s and 1960’s and the model
calculated minimal wind erosion after 1965.

2.1.4 Burning

Weir (1950) and Cosby (1941) estimated that the peat soils were burned once every 5 to
10 years. Data analysis in Rojstaczer and Deverel (1995) and Rojstaczer and others
(1991 ) indicated that burning OCCUlTed more frequently during World War II when
potatoes were grown extensively. Burning was used to control weeds and diseases and to
create ash for potatoes. Weir (1950) stated that 3 to 5 inches of peat were typically lost
during a single burning. Burning was simulated differently for the islands depending on
the distribution of crops following the information presented in Cosby (1941) and Weir
(1950).

2.1.5 Withdrawal of NaturalGas

Since the discovery of the Rio Vista Gas field in the 1930’s, several natural gas fields
have been developed in the Delta. Compaction of the sediments could occur if the gas
reservoirs were substantially depressurized which could result in subsidence of Delta
islands. To determine the subsidence due to natural gas withdrawal, sediment cores
collected from channel islands were dated by determining the levels of cesium-137 at I-
inch depth intervals (Rojstaczer and others, 1991). Records from the California
Department of Conservation, Division of Oil and Gas, indicate that gas production began
to increase substantially in the mid-1950’s and gas withdrawal was simulated as a
contributor to subsidence in the model after 1955.
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2.1.6 Simulation of Total Subsidence

The total annual depth of subsidence was estimated by summing the depths of subsidence
due to the different causes for each yearly time step. The model accreted the land surface
as it progressed backward in time based on the mathematical representation of the causes
of subsidence. The soil organic carbon content and bulk density were estimated for the
most recent elevation data and were recalculated for each subsequent time step.
Subsidence and the microbial oxidation of organic carbon were simulated as a two-layer
process based on data presented by Carlton (1966). The soil organic matter content was
recalculated for each layer at each time step based on the simulated change in the total
mass of carbon for each layer.

2.2 Methodology for Delineation of Priority Areas for Subsidence Mitigation

The delineation of priority areas for subsidence mitigation in the Delta is based on the
areal distribution oflaistorical, time-averaged subsidence rates calculated from the early
1900’s to the mid-1970’s and peat thickness. The first priority area was chosen to
include those lands where the time-averaged subsidence rates were high (gre.ater than 1.5
inch per year) and where there is still substantial peat (greater than 10 feet) remaining.
The second priority area was chosen to include those areas where the time-averaged
subsidence rates were high (greater than 1.5 inch per year) but there was 10 feet or less of
peat remaining. It was assumed that the distribution of time-averaged subsidence rates
generally reflects the relative distribution of present-day subsidence rates. Areas where
time-averaged subsidence rates were lower than 1.5 inch per year were not considered to
be high priority areas for immediate subsidence mitigation. A Geographic Information
System for the Delta developed by, and housed at the Department of Water Resources
Central District was used for the delineation of priority areas. The methodology used is
summarized here and described in detail in Appendix B.

Two sets of US Geological Survey topographic maps were used to estimate the time-
averaged rates of subsidence throughout the Delta from the early 1900’s to 1974 through
1978. The difference in elevation between the two time periods was estimated to be the
total depth of subsidence. The time-averaged rate of subsidence was calculated as the
total amount of subsidence divided by the time interval that ranged from 60 to 72 years.
The error in the subsidence rate estimate results from the error in the elevation estimate
from the topographic maps and the change in mean sea level datum from the early 1900’s
to 1976 to 1978. The methodology for estimating the error associated with the time-
averaged subsidence rate is described in Appendix B.

The peat thickness was calculated as the difference between the basal elevation of peat
and peaty mud deposits of tidal wetlands as mapped by Atwater (1982) and the land-
surface elevation from the USGS topographic maps. Atwater’s (1982) peat and peaty
mud of tidal wetlands include the organic deposits derived from decayed vegetation that
formed during the sea level rise during the last 7,000 years. Atwater’s (1982) delineation
of peat and peaty mud include the organic soils mapped by Cosby (1941) and more recent
soil surveys.

5
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The peat thickness data was compared with the delineation of organi~ soils or highly
organic mineral soils in the soil surveys for Contra Costa (Soil Conservation Service,
1978), San Joaquin (Soil Conservation Service, 1992) and Sacramento counties (Soil
Conservation Service, 1993). Where there were discrepancies between the two sources
of information for the extent of peat soils, the soil survey data was assumed to be correct.

The delineation of soil series as mapped in the soil surveys for Contra Costa (Soil
Conservation Service, 1978), San Joaquin (Soil Conservation Service, 1992) and
Sacramento counties (Soil Conservation Service, 1993) were entered in digital form into
the GIS developed by the Department of Water Resources Central District. The soil
organic matter content was the primary soil characteristic of interest. The soil organic
matter content was estimated for the 11 soil series whiqh were either organic soils or
highly organic mineral soils based on the data provided in the soil surveys.

3.0 Effects of Subsidence

Levee stability is directly affected by continued subsidence within a zone of influence
adjacent to levees. The spatial and temporal definitions of the zone of influence have not
been quantified for the Delta and are site specific. The temporal and spatial defm_itions of
the zone of influence should be based on analysis of the effects of future subsidence
primarily on seepage and deformation of levee foundations. Deformation analysis (e.g.
Foote and Sisson, 1992) of Delta levees heretofore have not considered the effects of
future subsidence.

Seepage onto Delta islands will increase due to furore subsidence. As the water level on
the island is lowered as the result in increased drainage depth, the hydraulic gradient from
the water surface in the channel to the groundwater in the interior of the island will
increase. This will in mm increase the rate of seepage onto the island and may affect
seepage through the levee and the erosion of foundation materials. Furore data collection
and analysis are needed to determine these effects.

Seepage onto Delta islands is removed, along with agricultural return flows, through a
network of drainage ditches and one or more drainage pumps that pump drainage water
~om the islands into the channels. Templin and Cherry (1997) quantified the volume of
drainage water pumped from Delta islands in 1995. Their data indicate that volumes of
drainage water ranged from 2 to 4 acre-feet per acre in the central and western Delta. As
a point of reference, average reference evapotranspiration for the Delta (Orang and
others, 1995) is about 4.5 feet. Actual consumptive use of water by crops is less than
reference evapotranspiration. About 260 agricultural drains discharge and contribute to
high dissolved organic carbon (DOC) loading into the Delta channels as the result of
leaching of the organic soils (Department of Water Resources Municipal Water Quality
Investigations Program, 1997). High DOC concentrations can result in unacceptably
high concentrations of disinfection byproducts when the water is treated for drinking.
Because of increasing seepage volumes, drainage loads for DOC and disinfection
byproducts may increase with increasing subsidence.

°
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Unintentional flooding of Delta islands as the result of levee failures can cause additional
water quality degradation due to salinity intrusion. Past subsidence has resulted in
reduced landmass to support levees and continued subsidence can exacerbate the water
quality effects of flooding by increasing the volume of water that will move onto the
island during flooding. Cook and Coleman (1973) described the effects of flooding of
Andros and Brannan islands in June 1972. The Brarman-Andrus flooding is the only
documented example of water quality degradation as the result of island flooding. The
water balance in the Delta was upset as the result of the levee failure as 150,000 acre-feet
of water moved onto the islands that in turn resulted in the movement of salt water from
the west into the Delta. State and Federal exports of water from the Delta were
temporarily reduced and releases from Central Valley Project reservoirs were increased
to reduce the salinity intrusion. The total cost of the flooding was $22.5 million. Three
hundred thousand acre-feet of additional water were released from storage from State and
Federal water projects.

Short-term water quality problems probably would not occur if breaks occur during
winter periods of high flow. Nor do water quality problems occur with all flooding
during periods of low flow. The extent of water quality degradation is dependent on the
location of the flooding and the flow conditions. Island flooding in the western Delta
during low flow periods is the primary concern. Several of the western Delta islands
have depths of 10 to 60 feet of peat remaining and continued subsidence will increase the
volume of water that will move onto the island during flooding. For example, on
Sherman Island an additional foot of subsidence over the entire island during the next 24
years (0.5 inch per year) will result in an additional volume of 9,900 acre-feet below sea
level that can move onto the island during flooding. Probabilistic analysis developed by
the CALFED seismic hazard team suggest that levee failure is inevitable over the long-
term regardless of plans to upgrade levees to PL-99 standards. The consequences and
costs of levee failure and island flooding will be proportional to the depth of interior-
island subsidence.

!
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4.0 Rates and Causes of Subsidence

4.1 Rates of Subsidence

Cited historic and time-averaged rates of subsidence in the Delta range from about 0.5 to
4.6 inches per year (Rojstazcer and others, 1991; Prokopovich, 1985, Department of
Water Resources, 1980). Department of Water Resources (1980, p. 1) stated that
estimates of subsidence for the years 1911 to 1952 were 3.0 inches per year on 17 Delta
Islands or tracts. Department of Water Resources (1980) also listed the total amount of
subsidence for 21 islands as ranging from 10 to 21 feet and time-averaged rotes ranging
from 1 to 4.6 inches per year. Prokopovitch (1985, p. 405) reported the same range for
time-averaged subsidence rates. Roj staczer and others (1991) evaluated subsidence from
changes in land-surface elevations against power pole foundations installed in 1910 and
1952 in 1987 on Sherman and Jersey Islands. The time-averaged subsidence rate from
1910 to 1987 ranged from 0.5 to 1.2 inch per year. The time-averaged subsidence rate
from 1952 to 1987 ranged from less than 0.3 to 0.7 inch per year. This and information
presented by Rojstaczer and Deverel (1993) indicate that subsidence rates have slowed in
recent years.

Rojstaczer and Deverel (1993) determined that a logarithmic expression for the decrease
in the land-surface elevation over time statistically fit the data best for Bacon and Midlred
islands and Lower Jones Tract where the time averaged historic subsidence rotes were 2
and 3 inches per year from 1924 to 1981. The estimates for subsidence rates in 1980 for
these three islands ranged from 1.2 to 1.6 inch per year (Rojstaczer and Deverel, 1993).
Subsidence rates are slowing for two reasons. First, the rate of microbial oxidation is
proportional to the amount of organic carbon in the soil which is decreasing with time.
Second, other factors such as wind erosion and burning contributed to subsidence in the
past but do not appear to contribute significantly to present-day subsidence. Deverel and
Rojstaczer (1996) continuously measured present-day subsidence rates from 1990 to
1992 by on Sherman and Jersey Islands and Orwood Tract. These authors reported rotes
of 0.2, 0.24 and 0.32 inch per year on Sherman, Jersey and Orwood, respectively.

4.2 Causes of Subsidence

4.2.1 Simulation Results

Table 1 shows the range of simulated elevation changes and percentages of the total
subsidence due to the different causes. The results in Table 1 for the different .
simulations reflect variations in the amount of wind erosion for all the islands and the
parameters in the Michaelis-Menton equation for microbial oxidation.

I
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Table 1. Simulated changes in elevation and causes of subsidence for Jersey,
Sherman, Mildred and Bacon islands and Lower Jones Tract.

Simulated range in percent of total subsidence due to:
Island (years Simulated Measured Microb- Consoli- Wind Burning Gas
of simulation) changes in change in ial oxida- dation erosion with-

elevation elevation tion and drawal
(in feet) (in feet) . shrinkage

Jersey 5.3 - 8.1 6.7 +/- 2.5 31 - 48 22 - 25 11 -26 9 - 13 2 - 3
(1886 -1975)
Sherman 4.7 - 6.05 6.0 +/- 1.0 29- 47 24 - 25 9 - 34 10 - 14
(1910 - 1987)
Mildred 10.8- 11.4 11.6 +/- 37-50 29-30 3- 17 18-19
(1924 - 1981) 2.0
Bacon 10.5 - 11.0 10.5 +/- 36 - 49 24- 25 3 - 17 23 - 24
(1924- 1978) 1.0
Lower Jones 10.0- 10.4 9.45 +/- 41 - 55 24- 25 3 - 18 18 - 19
(1924 - 1981) 1.5
Total range - 29 - 55 22 - 29 3 - 34 10 - 24 2 - 3

The most recent elevation data for Jersey Island in Table 1 is from the 1978 topographic
map that shows topography from photogrammetric methods using aerial photos
conducted in 1974 and plane table elevation data collected in 1976. Thompson (1957)
indicated that Jersey Island was initially drained in 1886. The measured elevations for
Sherman Island in Table 1 were from elevations determined in 1988 against power pole
foundations installed in 1910 (Roj staczer and others, 1991; Rojstaczer and Deverel,
1995). The estimated error for the Sherman data was about 1 foot (Rojstaczer and others,
1991). The estimated error in the Jersey elevation change is about 2.5 feet. The
measured changes for Mildred, Bacon and Lower Jones were from the leveling data
collected along the Weir transect (Weir, 1950) by University of California personnel (see
Rojsatczer and others, 1991).

Table 1 shows that the primary causes of historical subsidence simulated on the five
islands are microbial oxidation of organic carbon (29 to 55 %) and consolidation and
shrinkage (22 to 29 %). Much of the consolidation for Jersey and Mildred islands
occurred when these islands were initially drained. This accounts for the relatively large
percentage of total simulated subsidence due to consolidation for these islands. The
Jersey Island simulation extends from the approximate year of initial drainage to 1975
when the most recent elevation data was collected. The Mildred Island simulation
extended from 1924 (the year of initial drainage) through 1981 to coincide with the
leveling data reported in Rojstaczer and others (1991)..

The amounts of the different causes of subsidence varied with time. Figure 1 shows the
amount of subsidence contributed by the different processes for the five islands fi’om
1886 to 1985 in 10-year intervals. Consolidation is the predominant process during the
first year after initial drainage. Burning was the predominant cause in 1945. Wind
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erosion and gas withdrawal are minor causes that account for less than 10 percent of the
total yearly subsidence. Simulation results for 1975 on Jersey, Mildred, Bacon and
Lower Jones and 1985 on Sherman indicate that present-day subsidence is caused
primarily by microbial oxidation and consolidation (75 percent and 25 percent,
respectively). Deverel and Rojstaczer (1996) also studied present-day subsidence fi’om
1990 to 1992 on Jersey and Sherman Islands and Orwood Tract. Their results indicated
that 60 to 76 % of the measurett subsidence was due to microbial oxidation. Comparison
of model results and measured elevations shown in Apendix A indicate good agreement
between simulated and measured results for Mildred, Bacon and Lower Jones.

10
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Figure 1. Subsidence rates in feet per year fi:om 1886 to 1985 due to different causes for
Jersey, Sherman, Bacon and Mildred Islands and Lower Jones Tract.
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4.2.2 Limitations in the Determination of the Causes of Subsidence

Although estimates of the magnitude of the causes of subsidence are consistent with what
is known about the processes affecting subsidence in the Delta, the primary limitation of
the analysis is the lack of explicit and deterministic simulation of the causes of
subsidence. The equation for microbial oxidation is based on limited data and does not
explicitly simulate the microbial decomposition of the different components of the soil
organic carbon. Consolidation during initial drainage is empirically based. Also,
ongoing consolidation of the organic soil atter initial drainage is simulated to be the result
of water loss only. There is probably a rearrangement of the soil fabric as subsidence and
decomposition proceeds that is not currently quantifiable and is not included in the
model. Burning of organic soils in the Delta was not well documented and simulation of
burning is based on limited data discussed in Cosby (1941) and Weir (1950). The
mechanics of wind erosion are also not explicitly modeled due to lack of data. These
limitations, especially as related to the simulation of microbial oxidation and
consolidation, point to the need for additional data collection and research for improved
understanding and prediction of subsidence rates.

5.0 Distribution of Priority Areas for Subsidence Mitigation

Figure 2 shows the distribution of the two priority areas for subsidence mitigation. The
priority 1 area is comprised of lands where the peat thickness is greater than 10 feet and
the time-averaged subsidence rate was greater than 1.5 inch per year. The priority 2 area
is comprised of lands where the time-averaged subsidence rate was greater than 1.5 inch
per year and the peat thickness is 10 feet or less. Peat thickness is generally greatest in
the western and northern parts of the Delta; the largest areas of peat thickness greater
than 10 feet are on Sherman, Twitchell, Bralman-Andrus, Grand, Staten and Tyler islands
and Webb Tract. The amount of area in priority 1 varies among these and other islands
according to the distribution of time-averaged subsidence rates. The acres for the two
priority areas for the different islands are presented in Appendix B.

The largest acreage for priority 1 is on Webb Tract in the west-central Delta. Venice,
Bouldin and Mandeville islands in the central Delta also have large acreage assigned to
the priority 1 area. Twitchell, Bramlan-Andrus and Sherman islands and Webb Tract in
the westem and west-central Delta and Tyler Island in the northern Delta also have large
areas in this priority. Although Grand Island has a large acreage of peat thicker than 10
feet, the time averaged subsidence rates are almost all less than 1.5 inch per year. The
total area for priority 1 is about 22,900 acres.

The islands with the largest acreage in the priority 2 area are in the central Delta where
subsidence rates have been historically high and there are large areas of peat that are less
than 10 feet thick. MacDonald, Bacon and Mandeville islands and Empire Tract in the
Central Delta and Rindge Tract in east-central Delta and Webb Tract in the west-central
Delta have large areas in priority 2. Other central Delta islands (Lower Jones Tract,
Bouldin Island and Venice Island) have substantial areas in priority 2. The islands and
tracts of the western and northern Delta generally have low acreage in the priority 2 area
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’Figure 2. Priority areas for subsidence mitigation in
the Sacramento-San Joaquin Delta. Overlapping.
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1
because of the relatively low time-averaged subsidence rates. The total area for priority 2

i is about 35,700 acres. The total area for priorities 1 and 2 is about 58,600 acres.

Deverel and others (1998) reported that time-averaged subsidence rates were highly

i correlated with percent soil organic matter on Sherman Island. The distribution of soil
organic matter content in the Delta generally reflects the distribution of subsidence rates
shown in Figure 2. For example, the highest organic matter contents (greater than 30

i percent) are in the central, east-central and the west-central Delta (Twitchell Island,
Bradford Island, Webb Tract, Bouldin Island, Venice Island, Empire Tract, Rindge Tract,
King Island, Bacon Island, Lower Jones Tract). The time-averaged subsidence rate for
the majority of these islands is greater than 1.5 inch per year (Figure 2). Islands where
organic matter contents are generally lower than 15 and 30 percent such as Sherman
Island, Brarman-Andrus Island, Staten Island and Victoria Island are generally at the
periphery of the Delta. The subsidence rates on these islands are generally less than 1.5

I inch per year.

i 5.1 Uncertainty in the Delineation of Priority Areas

The primary uncertainties in the spatial analysis are the result of uncertainties in the

i thickness of the peat soil and the error in the estimation of the subsidence rate. The
subsidence rate error is the result of errors associated with the use of topographic
elevations as described above and the use of different datums for the 2 surveys for the

i topographic maps published in 1906 to 1911 and 1976 to 1978. In general, large errors in
the subsidence rates correspond to areas of the lowest time-averaged subsidence rates.
The error in the subsidence rate estimate due to the mapping error is 50 percent or less for

i much of the Delta where there are peat deposits. The error in the subsidence rate
generally increases approaching the periphery of the Delta. The error in the western,
eastern, southern and northern edges of the Delta generally approaches or exceeds 100

i percent.

The key questions related to the error for the purpose of determining the priority areas

i based on time-averaged subsidence rates are: 1) Is the distribution of subsidence rates
consistent with what is known about the distribution of present-day subsidence rates? and
2) What is the error associated with assignment of areas to one of the two categories (less

i than and greater than 1.5 inch per year) for subsidence rates?

The first question can be answered qualitatively based on recently collected data for

i subsidence for selected areas of the Delta. Specifically, data from Rojstaczer and
Deverel (1995), Rojstaczer and others (1991) and Deverel and Rojstaczer (1996) are
consistent with the spatial distribution of subsidence rates presented here. Time-averaged

i subsidence rates reported for the central Delta (Lower Jones Track, Bacon and Mildred
islands) are greater than in the western Delta (Sherman and Jersey islands) (Rojstaczer
and others, 1991). However, subsidence has not been measured extensively throughout

i the Delta so that it is impossible to compare rates for all the islands. The subsidence rates
in Figure 2 are generally consistent with what is known about subsidence and organic
soils in the Delta (Prokopovitch, 1985). The highest soil organic matter contents and

!
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subsidence rates are in the central Delta. The soils are lower in organic matter content
and subsidence rates are lower approaching the margins of the Delta

The second question can be answered based on the distribution of error for subsidence
rates. The error analysis is discussed in Appendix B. Data for Sherman Island and Webb
Tract were used to evaluate the effect of errors on the acreage within each priority area.
The data for these islands represent the variability in the data set and the error analysis
illustrates the possible range in calculated acreage in the two priority areas.

The range of acreage on Webb Tract for priority 1 shows that the .acreage in priority 1 could be
overestimated by 54 % and underestimated by less than 1%. For priority 2, the range in acreage
on Webb Tract shows that the acreage in priority 2 could be overestimated by 24 % and
underestimated by 10%. In contrast, the ranges of acreage in each priority for Sherman Island are
large, ranging up to 1,000 percent. The time-averaged subsidence rates for Sherman were lower
than Webb and therefore the error associated with the subsidence-rate estimate is higher and the
range of acreage classified in each priority area is large. The results of this analysis point to a
need for additional data collection for subsidence rates, especially in the western Delta.

The areal distribution of the estimation error for the peat thickness was not determined.
The density ofborehole data and the error in the land-surface elevation primarily
determines the error. The land-surface elevation error is due to leveling error in the
determination ofland-surfaee elevation that is about plus or minus 2.5 feet and the
subsidence that has occurred since 1974 (about 1 to 4 feet). The total land-surface
elevation error ranges from about ,1.5 to 6.5 feet.

Appendix B shows and discusses the number and average density of data points for
borehole logs used to estimate the peat thickness. In general, data densities greater than
200 acres per data point result in moderate to high uncertainty in the estimation of the
basal peat elevation for large areas of the islands. Of those islands where the density of
peat thickness data is greater than 200 acres per data point, only 7 have acreage in the 2
priorities (Orwood Tract, Victoria Island, Brarman and Andrus islands, King Tract, Tyler
Island and Grand Island). Brarman-Andrus Island, King Tract and Tyler Island have
significant acreage in the 2 priorities. Grand Island is mapped as having a large area of
thick peat but has little acreage in priority area 1 because of the low time-averaged
subsidence rates. The percent organic matter in the soils on Grand Island is relatively low.
Although there is uncertainty in the delineation of the priority areas for subsidence
mitigation, the delineation is based on the available data and provides a starting point for
further data collection efforts to better define areas and management practices for
subsidence mitigation.

6.0 Land- and Water Management Practices for Subsidence Mitigation

The primary factor contributing to present-day subsidence in the Delta is microbial
oxidation of soil organic carbon. The oxidation of soil organic carbon is directly
proportional to soil temperature and decreases with increasing soil moisture (Deverel and
Rojstaczer, 1996). The results of studies conducted by the US Geological Survey and
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Department of Water Resources (Deverel and others, 1998) demonstrated that permanent
shallow flooding reversed the effects of subsidence on Twitchell Island. Permanent
shallow (about 1 foot) flooding resulted in a net carbon accumulation and accretion of
biomass. The plots were first flooded in February 1993. Cattails were the primary
species that colonized the plots. During 1993, the cattails covered about 25 percent of the
plot. In 1994, 30 to 55 percent of the plot was covered and full vegetative cover was
achieved in 1995. Cores were collected in the flooded plot while it was temporarily
drained in July 1997. The results of the coring showed that about 3 to 6 inches of firm
biomass accreted from 1993 to 1997 during 2 years of growth under full vegetative cover
and 2 years of growth under partial cover. Other water-management strategies that were
evaluated; seasonal flooding during the late fall and winter with and without irrigation
during the spring and summer, resulted in a net carbon loss and are not viable mitigation
strategies for stopping subsidence. This is due to large microbial oxidation rotes that
occur during the spring and summer.

Consistent with the potential of permanent shallow flooding to reverse the effects of
subsidence, two projects are funded and one is underway to evaluate the large scale
effects of this management practice. First, data collection began in October of 1997 on
Twitchell Island on a 15-acres demonstration project for increasing land-surface elevation
through biomass accumulation under permanently flooded conditions. The overall
approach is to verify the reversal of subsidence in organic soils under permanently
flooded conditions at a larger scale than used in previous research (Deverel and others,
1998). The demonstration project will prowide information about: 1) the large scale
effects of permanent flooding on the carbon balance and land-surface elevation changes;
2) the effects of different water-management practices and vegetation on biomass
accumulation and land-surface-elevation changes; 3) the effects of varying soil organic
matter content on the carbon balance under permanently flooded conditions and 4) future
potential increases in land-surface elevation.

Second, a $3.5 million project has been funded through the CALFED Category 3 process
to develop quantitative answers to the key unanswered questions about the reversal of the
effects of subsidence and the development oftidaI wetland habitat in the Sacramento-San
Joaquin Delta. The focus of the project is the development of cost-effective techniques
for the reversal of the effects of subsidence. This will be accomplished through research
and a demonstration project for tidal wetland habitat restoration on Twitchell Island that
will be transferable to other Delta islands. Quantitative answers to questions about the
feasibility of depositing sediment on Delta islands and potential water quality impacts of
accreting the land surface through biomass accumulation will be addressed during the
conduct of this project. This project is scheduled to begin in early 1999.

Other water- and land-management strategies are being evaluated that may stop, or
reverse the effects of, subsidence include capping the organic soil with mineral material
and reverse wetland flooding. Preliminary results by the USGS (Lauren Hastings, USGS,
personal communication, 1998) indicate that capping the unsaturated peat soil with 2 feet
of dredge sand reduces the emission of carbon dioxide by about 35%. Capping of
partially saturated soil reduced emission of carbon dioxide by 23%. Capping saturated
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peat soil with dredge material could provide upland habitat in shallow flooded wetlands..
Capping of the peat reduces the transport of oxygen and carbon dioxide in and out of the
soil causing the rate of carbon dioxide emission to decrease.

Reverse wetland flooding involves shallow flooding during the spring and summer and
drainage during the fall and winter. This may reduce oxidation when it is usually the
greatest and result in organic matter accumulation. The USGS is currently evaluating this
as a subsidence mitigation strategy.

Subsidence mitigation efforts should be coordinated with efforts to restore the ecological
health of the Delta. From an ecological perspective, there needs to be freshwater
wetlands covering the full range of ecosystem gradients in the Delta. To achieve this
range, elevations on western Delta islands must be restored to bring some of the islands
back into tidal circulation (Steve Johnson, The Nature Conservancy, 1997).

7.0 Summary and Recommendations

7.1 Summary

¯ A computer model was used to integrate and synthesize the available data for the
historic causes of subsidence in Delta organic soils. The model that simulated the
relative magnitude of the causes of subsidence was validated using measured data for
carbon fluxes and subsidence rates on Sherman, Jersey, Bacon, and Mildred Islands
and Lower Jones Tract.

¯ The model simulations indicate that 29 to 55 percent of the total amount of historical
subsidence on the Delta organic soils that occurred from the late 1800’s through the
1970’s was due to microbial oxidation of organic carbon.

¯ The model simulations indicate that consolidation and shrinkage, whether initially or
over time because of drainage, accounted for about 22 to 29 percent of the total
historical subsidence. Burning has accounted for 9 to 24 percent of the total historical
subsidence. Wind erosion has historically accounted for 3 to 34 percent. Gas
withdrawal has historically accounted for less than 3 percent.

¯ Present-day subsidence is caused primarily by the microbial oxidation of organic
carbon.

¯ Time-averaged subsidence rates and peat-thickness were used to determine priority
areas for subsidence mitigation in the Sacramento-San Joaquin Delta.

¯ Two priority areas for subsidence mitigation were determined as follows. The
priority 1 area encompasses lands where time-averaged subsidence rates were greater
than 1.5 inch per year and peat thickness was greater than 10 feet. The priority 2 area
encompasses lands where the subsidence rates were greater than 1.5 inch per year and
the peat is less than or equal to 10 feet thick.

¯ The largest priority-1 areas are in the western, west central and central Delta. The
total area for priority 1 is about 22,900 acres.

¯ The largest priority 2 areas in are in the central Delta and central-eastern Delta where
subsidence rates have been historically high. The islands and tracts of the western
and northern Delta generally have low acreage in priority 2 because of the low
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historical subsidence rates in these areas. The total priority-2 area is about 35,700
acres.

¯ The total for both is aboutarea priorities 58,600acres.
¯ The uncertainty in the estimation of priorities depends on the magnitude of the time-

averaged subsidence rate and the uncertainty in the estimation of the peat thickness.
The error in subsidence rate estimate is generally less than 50 percentthe where
subsidence rates are greater than 1.5 inch per year. This primarily corresponds to
areas in the central Delta. The error in the subsidence rate increases approaching the
margins of the Delta.

¯ The error in the subsidence rate has relatively less effect in the assignment of
priorities on islands where the time-averaged subsidence rates were high such as

Tract. However, it has a large effect on the assignment of prioritiesWebb forislands
such as Sherman where historical subsidence rates have been lower. ’

¯ Permanent and shallow flooding of organic soils and capping, reduce or stop
.rates and shallow flooding can stop or reverse ofsubsidence theeffectsof subsidence.

¯ The effects of continued subsidence include levee instability, increased seepage onto
islands and water quality effects related to seepage and flooding.

7.2 Recommendations for Research and Additional Data Collection

Eight western Delta islands (Sherman, Jersey, Twitchell, Bradford, Holland, Hotchkiss,
Bethel and Webb) encompass a key area for subsidence mitigation because of the
potential for water quality deterioration as the result of a levee break on these islands
during Figure 2 shows that large areas of Twitchell, Webb and arelow flow. Bradford
included in the first priority area. Relatively small areas of Sherman, Jersey, Bethel,
Hotchkiss and Holland are included in the two priorities. However, the error analysis
discussed above indicates that the uncertainty in the assignment of priority areas on
Sherman Island is as large as 1,000 percent. The uncertainty on Webb Tract is small.
Examination of the subsidence rates and the error in the subsidence rates for Jersey,
Holland, Hotckiss and Bethel indicate that the error in the assignment of prioritiesfor
these islands is generally similar to the error for Sherman Island.

The uncertainty in the assignment of priorities points to the need for additional data for
subsidence rates throughout the Delta prior to implementation of subsidence mitigation
measures. Since subsidence mitigation is critical in the western Delta yet the uncertainty
in the time-averaged subsidence rates can be high, additional data about the distribution
of subsidence rates is recommended in the western Delta for a higher level of certainty
for the implementation of subsidence control measures. Also, analysis by Rojstaczer and
others (1991) and Deverel and Rojstaczer (1996) demonstrate that subsidence rates are
decreasing with time. Therefore, the present-day subsidence rates are lower than those
reported here and additional information is required to refine the delineation of priority
areas based on present-day subsidence rates.

Uncertainty in the basal peat elevations and current elevations in the Delta also point to
the need for additional data. Because the most recent topographic leveling in the Delta
was completed in the 1970’s, the peat thickness data presented here are about 20 years
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old. These peat thiclaaess data could be in error by as much as 6.5 feet because of
subsidence that has occurred over the past 20 years. The peat thickness values are also
uncertain for several islands as discussed above where data is sparse or lacking.

The effects of future subsidence on Delta levee stability have not been studied. Seepage
and deformation are key processes that may be affected as the result of future subsidence.
The area adjacent to the levee where levee stability is affected by subsidence and the time
frame associated with this zone of influence needs to be determined through general and
site specific analysis. Analysis should be conducted to determine the effects of future
subsidence on levee deformation for different environments where the thickness of the
peat and subsidence rates vary. Similarly, seepage analysis should be used to estimate
volumes of seepage and the effects on levees for different subsurface materials, varying
subsidence rates and different drain configurations.

Specific recommendations for future data collection efforts are as follows.
¯ Refine the delineation of priority areas by reducing the errors in subsidence rate

estimates and peat thickness and determining present-day subsidence rates.
¯ Collect data for present-day subsidence rates and predict future subsidence rates.

Present-day subsidence rates can be determined by measuring land-surface elevations
in areas where there is historical data such as Mildred, Lower Jones and Bacon and
determining land-surface elevations throughout the Delta at regular intervals. In the
short-term, determination of soil organic carbon throughout the Delta in combination
with measurement of land-surface elevations on selected islands will improve the
delineation of priority areas.

¯ Future subsidence rates can be predicted by collecting data that will give more
precision to the calculation of microbial oxidation described in this report. The
evaluation and estimation of consolidation also require more data and analysis.

¯ Collect data for peat thickness. This can be done using geophysical methods or by
determining land surface elevations and calculating the peat thickness using well-log
data.

¯ Determine the effects of future subsidence on levee defoma, ation and seepage.
¯ Continue to support development and pilot- and large-scale implementation of land-

and water-management practices for subsidence mitigation.
¯ Integrate subsidence mitigation efforts with ecosystem restoration efforts.
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APPENDIX A. DESCRIPTION .OF COMPUTER MODEL FOR ESTIMATING
THE RELATIVE MAGNITUDE OF THE CAUSES OF SUBSIDENCE AND

I MODEL RESULTS

~ A.1 Microbial Oxidation
I

The carbon flux data for Jersey Island collected from 1990 to 1992 (Deverel and
Rojstaczer, 1996) was used to approximate the relation of microbial oxidation of organic

I carbon to soil carbon content. This relation used to simulate subsidence dueorganic Was

to microbial oxidation for Jersey Island at the study location of Deverel and Rojstaczer
(1996). The mass of carbon lost by microbial oxidation was assumed to follow

I (Corm. Sturnpf, 1976):Miehaelis-Mentonkinetics and

CFL UX = (CFL UXIvIAX x foc) /(Km -foe) (A.1)
I

where
CFLUX = COz loss from the soil in grams carbon cm"~ yrq due to microbial

I oxidation carbon in the soil.of organic peat
CFLU~= maximum CO2 loss from the soil in grams carbon cm"2 yr-~

Km = Michealis-Menton constant, and
I foc = the fraction of organic carbon in the soil incarbon soilgrams perg

The values of CFLUXMAX and Km were determined from annual averages of monthly

i carbon flux measurements for two sites Island where soil organic matteron Jersey
content values of 0.28 and 0.22 were measured (Deverel and Rojstaczer, 1996). The foe
values were estimated to be one-half of the soil organic matter content for the sites on

I and other sites in the Delta Broadbent The annual soilJersey per (1960). average
temperature and depth of the groundwater at these two sites were nearly identical during
the period of measurement (1990 - 1992). These two data points were used to develop aI linear of the of CFLUX the of the foe. The of thisplot reciprocal versus reciprocal slope
plot is equal to IQn/CFLUXMAX and the intercept is equal to 1/CFLUXMAX. For each
year of model simulation, CFLUX was recalculated based on the change in foe as the

I result of the in soil carbon the time The in landchange during previous step. change
surface elevation due to oxidation was estimated by dividing the annual carbon flux by
the soil bulk density and the foc.

i            The parameters for equation A. 1 developed from the Jersey Island data were used to

simulate microbial oxidation on Sherman Island. For the central Delta Islands, Mildred
and Bacon islands and Lower Jones the elevation data for Mildred Island inTract,
Rojstaczer and others (1991) was used to determine the parameters for equation 2.1. The
parameters were determined by model calibration against elevation measurementsI

l
determined from 1924 through 1981 (Weir, 1950; Rojstaczer and others, 1991).The
values for CFLUXMAX and Km determined for the Mildred Island calibration were then
used to simulate land surface elevation changes for Lower Jones Tract and Bacon Island.I Additional information about subsidence due wind andtoconsolidation, erosion,burning,
withdrawal of natural gas and groundwater was also incorporated into the model.

!
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!
A.2 Consolidation and Shrinkage 1̄
The amount of initial shrinkage and consolidation during reclamation was estimated from
an empirical equation presented in Eggelsmarm and others (1990) in which the ¯
consolidation is expressed as a function of the initial drainage depth in meters: |

Consolidation = a x (0. 08xT-O. 066) (A.2) ¯
where a is and empirical constant that is dependent 1
on the degree of decomposition and texture of the peat,
and T is the depth of initial drainage (assumed to be 6 feet ).

Equation A.2 was used to estimate the total amount of consolidation due to initial
drainage and was applied only once during simulation of subsidence for Jersey and ¯
Mildred islands. The empirical constant was assumed to have a value of 1.9 based on
information presented in Eggelsmann and others (1990). For comparison, the amount of
consolidation during initial drainage was also calculated using the drainage curves ¯
reported by Hanson and Carlton (1980). The results using the drainage curves were
about 13 percent greater than those in which the Eggelsmann and others’ (1990) equation
was used.

A.3 Wind Erosion

Wind erosion of peat soils caused dust storms that affected Stockton, Lodi and Tracy i
prior to .the early 1960’s (Alan Carlton, former University of California Extenstion
Specialist, personal commuaaication, 1997). The prevailing westerly winds of oceanic air ¯
masses moving to the Central Valley caused dust storms primarily during May and June 1
when wind speeds exceeded 15 miles per hour at a height of about 6 feet (Schultzand
Carlton, 1959; Schultz and othem, 1963). Carlton and Schultz (1956 - 1966) conducted ¯
experiments to determine the frequency and duration of dust storms caused by wind 1
erosion of peat soils and methods for reducing wind erosion. Asparagus fields were a
primary source of wind-eroded soil as the soil surface was mostly bare during May and ¯
June. 1
The Department of Water Resources (1980) reported values ranging from 0.1 inch per ¯
year based on personal communication from Alan Carlton to 0.25 to 0.5 inch per year 1
from Weir (1950). Weir (1950) made no measurements of wind erosion and stated that
"it may be as much as 0.25 to 0.5 inch per year." Carlton (1965) estimated wind erosion ¯
on Terminous Tract to be 0.57 inch per year from 1927 to 1957. This estimate was based
on the elevation difference between a plot of land owned by Southern Pacific Railroad
which was not farmed or cultivated but was surrounded by cultivated cropland. It is ¯
unclear whether the Southern Pacific Railroad land had been burned.

Crop histories in Thompson (1957) and the Weir transect notes (see Rojstaczer and ¯
others, 1991) were examined to determine the spatial distribution of crops grown on the
islands where land surface elevation changes were simulated. Wind erosion was

!
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calculated at varying rates of 0.1 to 0.57 inch per year where asparagus was grown or
where the land was fallow. There was generally a shift from the planting of asparagus
and other vegetable crops to corn in the Delta in the 1950’s and 1960’s and the model
calculated minimal wind erosion after 1965.

A.4 Burning

Weir (1950) and Cosby (1941) estimated that the peat soils were burned once every 5 to
10 years. Burning probably occurred more frequently during World War II when
potatoes were grown extensively (Rojstaczer and others, 1991). Burning was used to
control weeds and diseases and to create ash for potatoes. Weir (1950) stated that 3 to 5
inches of peat was lost during burning. Burning was simulated differently for the islands
depending on the distribution of crops.

It was assumed that most of the Delta organic soils were planted to potatoes from 1938 to
1945. Elevation loss on all five islands due to burning was simulated to be 4 inches per
burning during 2.5 bumings during this time period. Individual cropping patterns were
used to simulate burning during other time periods for Mildred and Bacon islands.
Potatoes were grown on Mildred Island from 1930-1938 and 6 inches of soil loss during
1.5 burning was simulated during this time period. Potatoes were also a predominant
crop on Bacon from 1930 to 1938 and 1945 to 1955 and 6 inches of soil loss during 1.5
burning was simulated during each of these time periods. Alan Carlton (former
University of California Extension Specialist, personal communication, 1997) stated that
there was no burning in the Delta after 1955.

A.5 Withdrawal of Natural Gas and Groundwater

To determine the subsidence due to natural gas withdrawal, sediment Cores collected
from channel islands were dated by determining the levels of cesium-137 at 1-inch depth
intervals (Rojstaczer and others, 1991). The surface elevation of channel islands has
remained at sea level since the 1850’s even though sea level rose about 0.08 inches per
year indicating that sediment has been deposited on these islands. The peak fallout of
ceisum-I37.oecurred in 1963 and was identified 3 to 7 inches below the sediment surface
in cores collected on channel islands adjacent to Twitchell, Bradford and Bethel islands
and Webb Tract, indicating that the channel islands subsided since 1963.

From 1963 to 1988 when the cores were collected, sea level rose about 2 inches.
Therefore, the amount of subsidence due to gas withdrawal was between 0.04 and 0.2
inches per year ((3 - 2 inches) divided by (1988-1963)) = 0.04 inch/year, ((7- 2 inches)
divided by (1988-1963) = 0.2 inches/year)). For modeling of subsidence, 0.08 inch per
year of subsidence as the result of gas withdrawal was estimated for Jersey Island based
on the results of ceisum-137 results reported in Rojstaczer and others (1991) for the
channel island adjacent to Bradford Island. Subsidence due to gas withdrawal was not
simulated for the Sherman, Mildred and Bacon islands or Lower Jones Tract because
elevation changes along the Weir transect were compared to a benchmark and structures
that was also affected by these withdrawals. Records from the California Department of
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Conservation, Division of Oil and Gas, indicate that gas production began to increase
substantially in the mid-1950’s and gas withdrawal was simulated as a contributor to
subsidence in the model after 1955.

A.6 Simulation of Total Subsidence

The total annual depth of subsidence was estimated by summing the depths of subsidence
due to the different causes. The model accreted the land surface as it progressed
backward in time based on the mathematical representation of the processes described
above. The foe and bulk density were estimated for the most recent elevation data and
time step and were recalculated for each subsequent time step. For Sherman and Jersey
Islands, the initial foe and bulk density were from Deverel and Rojstaczer (1996). For
Mildred and Bacon islands and Lower Jones Tract the foe was eslSmated from the soil
survey for San Joaquin County (Soil Conversation Service, 1992) to be 0.25. The bulk
density for the surface (0 to 2 feet) soils for Mildred, Bacon and Lower Jones was
estimated at 0.74 g/cm3 from the relation for data for organic matter content and bulk
density collected on Rindge and Empire tracts and Bouldin Island reported in Hanson and
Carlton (1980). A regression equation (r~ = 0.50) was fit to the all the data of the form.

log bulk density = O. 058 - O. 76 x foc. (A.3)

This equation.was also used to estimate the bulk density at the beginning of each time
step.

Subsidence and the microbial oxidation of organic carbon were simulated as a two-layer
process based on data collected by Carlton (1966). The depth of soil affected by
subsidence was assumed to be 5 feet. Carlton (1966) measured the depth of subsidence
occurring in different layers on Venice Island from 1962 to 1966. Eighty-one percent of
the total subsidence occurred in the upper 2 feet of the soil profile. Therefore, eighty-one
percent of the organic carbon oxidation was simulated to occur in the upper 2 feet of the
soil profile. The remainder was simulated to occur in the lower 3 feet. The foe was
recalculated for each layer at each time step based on the change in the total mass of
carbon for each layer. The final foe for the most recent and initial time step for the model
for the lower layer was estimated at 0.375 based on information in Deverel (1983). The
new oxidation rate was calculated for subsequent time steps using equation 2.1. The foc
was not allowed to exceed 0.40 for either layer.

A.7 Model Results

Figure A. 1 shows ~that there is good agreement between measured and modeled values for
land-surface elevation changes for Bacon, Mildred and Lower Jones.
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Figure A.1 Measured and model estimates for elevation changes for Mildred, Bacon
and Lower Jones from 1924 to 1981. Squares represent measured data and solid lines
represent model estimates. Elevation changes on the vertical axis are in feet above sea
level.
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APPENDIX B. METHODOLOGY, RESULTS, AND UNCERTAINTY ANALYSIS
FOR THE DELINEATION OF PRIORITY AREAS FOR SUBSIDENCE
MITIGATION.

A Geographic Information System developed by and housed at the Department of Water
Resources Central District was used to delineate priority areas for subsidence mitigation
based on time-averaged subsidence rates and peat thickness. The following describes the
methodology, data, results and error analysis.

B.1 Determination of Areal Variability of Time-averaged Subsidence Rates

Two sets of US Geological Survey topographic maps were used to estimate the time-
averaged rates of subsidence throughout the Delta from the early 1900’s to 1976 through
1978. Specifically, topographic maps for the 1906-1911 mapping of the Delta at
1:31,680 scale were used to estimate land surface elevation on a 500-meter grid. The
1976 to 1978, 1:24,000 scale topographic maps were used to estimate land surface
elevation for the same 500-meter grid. The difference in elevation between the two time
periods was estimated to be the total depth of subsidence. The time-averaged rate of
subsidence was calculated as the total amount of subsidence divided by the time interval
that ranged from 60 to 72 years.,

The error in the subsidence rate estimate results from the error in the elevation estimate
from the topographic maps and the change in mean sea level datum from the early 1900’s
to 1976 to 1978. Early leveling in California used the average of tide level gauges in.
California for the mean sea level datum (Birdseye, 1925). The sea level datum for the
1976 to 1978 maps is the National Geodetic Vertical Datum of 1929 (NGVD-29) that
was an average of mean sea level data for 21 tide stations in the United States (Ziloski
and others, 1992). The error resulting from the comparison of the two datums for mean
sea level was estimated by comparing the elevations for 10 benchmarks on both sets of
maps. elevations for the benchmarks for the maps published in the early 1900’s wereTile
obtained from Birdseye (1925). The elevations for the same benchmarks using NGVD-
29 were obtained from Joe Vukovitch, USGS, Denver.

The benchmark elevations for the maps published in the early 1900’s were generally
larger than the elevations using NGVD-29. The difference between the benchmark
elevations for the maps published in the early 1900’s and the elevations using NGVD-29.
ranged from 0.008 to 0.704 feet. The average absolute difference was 0.275 feet. This
difference was not accounted for in the determination of the time-averaged subsidence
rates.

The error due to estimating the elevations from the contours is about one-half of the
contour interval (5 feet) for the topographic maps or 2.5 feet (Joe Vukovitch, USGS,
Denver, personal communication, 1996). The percent error for each subsidence rate was
calculated as follows. The subsidence rate was calculated at each grid point as the
difference between the elevations on the two maps plus or minus the error, divided by the
time interval between the two mappings:
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sub sidence rate = (Elev 1978 - Elev 1906 +/- e)/T 03.1)

where Elev1978 is the elevation from the 1976 to 1978 USGS
topographic maps,
Elev1906 is the elevation from the 1906 to 1911 USGS topographic maps,
e is the error associated with the elevation contours (1/2 the contour
interval) and,
T is the time interval between the two elevation measurements.

The error was calculated as

e = E1978 + E1906 = +/- 5 feet 03.2)

where E1978 and E1906 are the errors associated with the two sets of
topographic maps (E1978 = E1906 = +/- 2.5 feet).

The percent error was calculated as the absolute value of 5 feet divided by the total
subsidence multiplied times 100. The percentage error in the subsidence rate is dependent
. on the amount of subsidence that occurred during the approximately 70 years that elapsed
between the surveying for the topographic maps.

B.2 Determination of the Areal Distribution of Peat Thickness

The peat thickness was calculated on the 500-meter grid as the difference between the
basal elevation of peat or peaty mud deposits of tidal wetlands as mapped by Atwater
(1982) and the land-surface elevation from the USGS topographic maps. Peat or peaty
mud of tidal wetlands includes the organic deposits derived from decayed vegetation that
formed as the result of sea level rise during the last 7,000 years. Atwater’s (1982)
delineation of peat and peaty mud include the organic soils mapped by Cosby (1941) and
more recent soil surveys. The areal distribution of the basal elevations of the peat
deposits was delineated from about 1,200 borehole logs collected through 1980.

The majority of the locations of the borehole logs were on or near the levees. The peat
thickness data was compared with the delineation of organic soils or highly organic
mineral soils in the soil surveys for Contra Costa (Soil Conservation Service, 1978), San
Joaquin (Soil Conservation Service, 1992) and Sacramento counties (Soil Conservation
Service, 1993). Where there were discrepancies between the two sources of information
for the extent of peat soils, the soil survey data was assumed to be correct.
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B.3 Areal Variabili~ of Soil Characteristics

The delineation of soil series in soil for Contra Costamapped the surveys (Soil
Conservation Service, 1978), San Joaquin (Soil Conservation Service, 1992) and
Sacramento counties (Soil Conservation Service, 1993) were entered into the GIS
developed by the Department of Water Resources Central District in digital form. The
soil organic matter content was the primary soil characteristic of interest. The soil
organic matter content was estimated for the 11 soil series which were either organic soils
or highly organic mineral soils based on the data provided in the soil surveys.
Specifically, the soil surveys for San Joaquin and Sacramento counties provided a range
of values for percent soil organic matter. The midpoint of this range was assigned to that
series in the GIS database. The percent organic matter for the soil series mappedin
Contra Costa County was estimated from the data provided in the soil surveys for San
Joaquin and Sacramento Counties.

B.4 Geographic and Hydrographic Data

Geographic and hydrographic data was obtained as USGS Digitial Line Graphs at
1:100,000 scale from the Teale Data Center.

B.5 Delineation of Priority Areas for Subsidence

The areal distribution of time-averaged subsidence rates and peat thickness was used to
delineate priority areas for subsidence mitigation. The first priority area includes those
lands where the time-averaged subsidence rates were greater than 1.5 inch per year and
the peat thickness was greater than 10 feet. The second priority area includes lands
where the time-averaged subsidence rates were greater than 1.5 inch per year and the peat
thickness was less than or equal to 10 feet.

1
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B.6 Results of Delineation of Priority Areas

Table B.1. Acreages by island for the 2 priorities for subsidence mitigation. Priority 1
includes areas where the time-averaged subsidence rate was greater than 1.5 inch per year
and the peat thickness was greater than 10 feet. Priority 2 includes areas where the
subsidence rate was greater than 1.5 inch per year and the peat thickness was less than or
equal to 10 feet.

Priority 1 Priority 2

Quimby 35 Quimby 35
Grand 250 Staten 144
K~g 70 K~g 1,478
Bethel 70 Brannan 1,440
Woodward 130 Bethel 350
Holland Tract 410 Tyler 610
Medford 570 Sherman 390
~d~e 600 Bm~ord 860
Sherman 1,480 Holland Tract 930
Empire 600 Lower Jones 2,340
McDonald 910 Bouldin 2,940
Bacon 790 Orwood 840
Jersey 670 Victoria 1,000
Bradford 710 Venice 1,270
Twitchell 1,720 Palm 1,020
Tyler 2,180 Empire 2,570
Brannan 1,700 Mandeville 2,350
Staten 1,400 Rindge 3,680
Venice 950 Webb Tract 2,400
Bouldin 1,860 Bacon 3,830
Mandeville 1,940 McDonald 4,940
Webb Tract 3,920 Woodward 310
Total 22,900 Total 35,700

C--020400
(3-020402



B.7 Uncertain~ in the Spatial Analysis

Uncertainty in spatial analysisresult of uncertainty peatthe is the thethicknessof the

soil and the error in the estimation of the subsidence rate. The subsidence rate error is the
result of errors associated with the use of topographic elevations as described above and
the use of different datums for the 2 surveys for the topographic maps published in 1906
to 1911 and 1976 to 1978. In general, large errors in the subsidence rate correspond to
areas of the lowest time-averaged subsidence rates. The error in the subsidence rate
estimate due to the mapping error is 50 percent or less for much of the Delta. The error
in the estimation of the subsidence rate generally increases approaching the periphery of
the Delta. The error in the western, eastern, southern and northern edges of the Delta
generally approaches or exceeds 100 percent.

Specifically, the error in the subsidence rate on the central Delta islands, Bouldin, Island,
Venice Island, Empire Tract, MandevilIe Island, Bacon Island, Lower Jones Tract,
McDonald Island and Empire Tract is generally less than 50 percent. Also, the error in
the subsidence rates for the west-central and east-central islands, Webb Tract, Twitchell
Island, Bradford Island, Rindge Tract and King Island is also generally lower than 50
percent.

Figure B.1 shows the exponential decrease in the percent error in the subsidence rate as
the result of mapping errors with increasing time-averaged subsidence rates. The error
was calculated for the average time between elevation measurements of 69 years for the
topographic maps used in determining the total elevation change. The key questions
related to the error for the purpose of determining the priority areas b.ased on time-
averaged subsidence rates are: 1) Is the distribution of subsidence rates consistent with
the what is known about the distribution of present-day subsidence rates? and 2) What is
the error associated with assignment of areas to one of the two categories (less than and
greater than 1.5 inch per year) for subsidence rates?

The first question can be answered qualitatively based on recently collected data for
subsidence for selected areas of the Delta. Specifically, data from Rojstaczer and
Deverel (1995), Rojstaczer and others (1991) and Deverel and Rojstaczer (1996) are
consistent with the spatial distribution of subsidence rates presented here. Subsidence
rates in the central Delta (Lower Jones Track, Bacon and Mildred islands) are greater
than in the western Delta (Sherman and Jersey islands). However, subsidence has not
been measured extensively throughout the Delta so that it is impossible to compare rates
for all the islands. The subsidence rates in Figure 2 are generally consistent with what is
known about subsidence and organic soils in the Delta (Prokopovitch, 1985). The
highest soil organic matter contents and subsidence rates are in the central Delta. The
soils are lower in organic matter content and subsidence rates are lower approaching the
margins of the Delta

The second question can be answered based on the distribution of error for subsidence
rates. Further error analysis using the data shown Figure B. 1 and the distribution of error
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in the subsidence rate was used to determine the effect of the distribution of error on the
assignment of priorities.

Figure B.1. Relation of error in the estimation of the time-averaged subsidence rate
to the subsidence rate.
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Using the data shown in Figure B. 1 and the distribution of error in the subsidence rate,
the lowest time-averaged rote of subsidence that could be erroneously classed as a rate of
over 1.5 inch per year is 0.7 inch per year (the error associated with the rate of 0.7 inch
per year is 122 percent). The highest time-averaged subsidence rate that could be classed
under 1.5 inch per year is 2.3 inches per year (the error associated with the rate of 2.3
inches per year is 36 percent). Data for Sherman Island and Webb Tract was used to
evaluate the effect of errors on the acreage within each priority area.

The data for these two islands represent the variability in the data set and the error
analysis illustrates the possible range in calculated acreage in the two priority areas.
About 80 percent of Sherman Island in the western Delta have peat greater than 10 feet

¯ thick but most of the time-averaged subsidence rates were below 1.5 inch per year. In
contrast, Webb Tract has experienced time-averaged subsidence rates generally greater
than 2.5 inches per year and about 50 percent of the island have peat soils greater than 10
feet thick. Webb Tract has the largest acreage in priority 1. The acreage in priority 1 on
Sherman Island is about equal to the median. Sherman has one of the smallest acreage in
priority 2.

The results of the error analysis are shown in Table B.2. The range of acreage on Webb
Tract for priority 1 shows that the acreage in priority 1 could be overestimated by 54 %
and underestimated by less than 1%. For priority 2, the range in a~reage on Webb Tract
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!
shows that the acreage in priority 2 could be overestimated by 24 % and underestimated
by 10%. In contrast, the ranges of acreage in each priority for Sherman Island are large,

I ranging up to 1,000 percent. The subsidence rates for Sherman are lower than Webb and
the error associated with the subsidence-rate estimate is higher and the range of acreage
classified in each priority is large. The results of this analysis point to the need fori additional data collection for subsidence rates in the western Delta and other areas where
time-averaged subsidence rates are mapped as1.5 inch per year or less.

I Table B.2. Range in acreage for each priority for Sherman Island and Webb Tract.
lsland       Estimated Range        Estimated Range

acreage in acreage in
priority I priority 2

Sherman     1,480 0 - 5,410 390        41 - 2,200

i Webb       3,920        1,770 - 3,940 2,400       1,860 - 2,650

The areal distribution of the estimation error for the peat thickness was not determined.

i The density ofborehole data and the error in the land-surface elevation primarily
determines the error. The land-surface elevation error is due to leveling error in the
determination of land-surface elevation that is about plus or minus 2.5 feet and the
subsidence that has occurred since 1974 (about 1 to 4 feet). The total land-surface

I elevation error ranges from about -1.5 to 6.5 feet.

I Table B.3 shows the number and average density of data points from borehole logs used
to estimate the peat thickness. The data in Table B.3 does not present the entire story
relative to the density of data points for peat thickness. Some data points were used for

I islands besides those for which they are assigned in Table B.3 since the data for peat
thickness was extrapolated across channels. Also, most of the data points are on the
levees so that the range of area without borehole data for each island varies substantially.

I In general, data densities greater than 200 acres per point result in moderate to high
uncertainty in the estimation of the basal peat elevation for large areas of the islands.

Of those islands where the density of peat thickness data is greater than 200 acres per
point, only 6 have acreage in the 2 priorities (Orwood Tract, Victoria Island, Brannan-
Andrus Island, King Tract, Tyler Island and Grand Island). Brannan-Andrus Island, King

i Tract and Tyler Island have significant acreage in the 2 priority areas. Grand Island is
mapped as having a large area of deep peat but has little acreage in the two priority areas
because of the low time-averaged subsidence rates. Although there is uncertainty in the

I delineation of the priority areas for subsidence mitigation, the delineation is based on the
available data and provides a starting point for further data collection efforts to better
define areas for subsidence mitigation.

!
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Table B.3. Number of data points, acreage and data density for each island used to delineate
the distribution of peat thickness.

Island Number of points Acreage Data density (acres/point)

~ Medford 31 1,219 39
Jersey 60 3,471 ~ 58
Bradford 28 2,051 73
Palm 32 2,436 76
Mandeville 68 5,300 78
Woodward 23 1,822 79
Bethel 43 3,500 81
Bacon 66 5,625 85
Sherman 105 9,937 95
Webb Tract 58 5,490 95
Twitchell 36 3,516 98
Venice 31 3,220 104
Empire 28 3,430 123
Canal Ranch 23 2,996 130
Holand 31 4,060 131
Coney 7 935 134
Bouldin 44 6,006 137
Staten 61 9,173 150
McDonald 39 6,145 158
Lower Jones 33 5,894 179
Hotehkiss 17 3,100 182
Byron 36 6,933 193
Rindge Tract 35 6,834 195
Terminous 50 10,470 209
Lower Roberts 48 10,600 221
Upper Jones 27 6,259 232
Orwood 13 4,138 318
Brock 14 4,873 348
Victoria 19 7,250 382
Brannan-Andrus 31 13,000 419
Bishop 3 2,169 723
King 4 3,260 815
New Hope 8 9,300 1,163
Tyler 7 8,583 1,226
Grand 3 17,010 5,670
Veale 0 1,298

" Shin Kee 0 1,016
Rio Blanco 0 705
Union 0 22,202
Shima 0 2,394
Ryer 0 11,880
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I The Emergency Response Subteam is still working on the Delta Levee Emergency

i Management and Response Plan. Resolution of all issues couldn’t be achieved by press
time. The Subteam will continue to meet to resolve outstanding issues.

DELTA LEVEE EMERGENCY MANAGEMENT
AND RESPONSE PLAN

INTRODUCTION

Important local, statewide and national resources dependmaintenance of an effectiveupon
levee system in the Sacramento-San Joaquin Delta (Delta). A strong, on-going preventive levee
repair, reconstruction, and maintenance program will reduce levee vulnerability, reduce (or in
some cases, prevent) future emergencies and ensure the availability of the heavy marine
construction equipment needed for. effective emergency response. Notwithstanding increased
efforts to upgrade and maintain Delta levees, the threats to levee system integrity cannot be
totally eliminated. Thus an emergency management and response plan is required to protect
Delta resources.

SCOPE

This report is intended to provide supplemental information for the CALFED Levee Program’s
Long-Term Levee Protection Plan and be consistent with other state and federal emergency
response plans. There are types of emergency conditions, such as hazardous material spills,
which could occur in Delta waterways and which, while not threatening levee integrity, could
endanger water quality to the detriment of public water supplies and biological programs in
which CALFED will have made substantial public investments. While such potential
emergencies are recognized, they are presently excluded from the scope of this document.

BACKGROUND:

The Delta is an area of farmland, waterways and communities. It includes approximately
740,000 acres and is roughly located between the cities of Sacramento, Stockton, Tracy and
Antioch. There are about 700 miles of interlaced channels, rivers and sloughs, that convey
flood waters from the entire Central Valley to the ocean. Over 60 islands and tracts are
protected by a network of approximately 1,100 miles of Local Flood Control Non-proj ect
Levees and Federal Flood Control Project Levees as Shown in the California Department of
Water Resources (DWR) Delta Atlas on pages 38 and 40. The Delta provides habitat for fish
and wildlife, accommodates shipping, protects population centers and infrastructure including
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railroads, highways, and pipelines, provides for agriculture and a vast array of recreational

activities, and conveys water to over 20 million Californians.

Most of the land in the central and western Delta is below sea level and rapid response to levee

threats is unusually important. Prompt emergency response is critical. A levee failure can

endanger public safety, inundate thousands of acres of farmland and habitat, degrade in-Delta

and export water quality, and disrupt the operations of the major State and Federal water

delivery systems. Of course, multiple levee failures would substantially increase the scale of

the emergency and the challenge of prompt response.

Delta levee integrity can be threatened several ways. Levee failure can occur from instability,

overtopping and seepage. High water stages in the Delta can occur due to floods, unusually

high tides, and atmospheric conditions involving b_igh wind and low pressure. Levee

performance during a seismic event is also a concern. Since original reclamation, each of the

Delta islands or tracts has flooded at least once. With improved funding for preventive actions

since 1986, disaster assistance spending has been reduced substantially.

._FUTURE CONDITIONS

Implementation of CALFED’s Levee System Integrity Progra~ will not eliminate all threats to

the levee system. Threatening circumstances, emergencies, and flooding should be anticipated.

Typically, new embankments are most vulnerable to failure during, or immediately after,

construction. Thus, levee upgrades involving major earthwork may temporarily reduce levee

stability. Commonly, combinations of high tributary flows, strong winds, high tides and low

barometric pressure generate flood stage conditions in the Delta. Continued development and

construction of upstream flood control features may increase flood water stages in the Delta.

Rise in sea level, channel dredging, and subsidence near the levees may increase seepage
through levees and their foundations and reduce levee integrity. Conversion of land near levees

to habitat may increase problems related to burrowing animals, may reduce the probability that

levee inspection will detect levee defects before the problem becomes a threat, and may hinder

emergency flood fight efforts. Lastly, the seismic threat to Delta levees is not well defined and
remains a major concern.

GOALS

The goal of the Delta Levee Emergency Management and Response Plan is to enhance existing

emergency response programs and capabilities in order to protect or restore critical Delta
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resources in the event of an emergency. An emergency is a condition of extreme peril to the
safety of persons or property as a result of a threat of levee failure and island inundation. There
are three critical components to emergency response.

1. Preparation. The ability to effectively to threat, actualrespond a emergencyor

levee failure depends heavily on advanced preparation. All agencies and people involved need
to understand their r~spective roles and responsibilities. There must be emergency planning at
all levels of responsibility, clear understanding, scripted procedures for the recognition and
declaration of emergency conditions, and an established and rehearsed command and control
systems. Local, county, State, and federal responses must be better coordinated to enhance
existing decision-making, communication and action protocols. Regulatory and environmental
compliance must be incorporated in all response planning. Critical response resources must be
immediately available at all levels. Resources include funding, equipment, materiel stock piles,
and appropriately trained personnel.

2. Quick and Effective Emergency Response. Time is of the essence in response to
any incident or threatening circumstance. An imminent threat of levee failure or a failure
requires immediate action that can only be the result of a thoroughly prepared and rehearsed
emergency response plan. If failure can be prevented or addressed quickly, total losses and
expenditures can be dramatically reduced.

3. Completion of post-Emergency Repairs. In the event of an emergency,
including breach closures, a smooth and quick transition to post emergency recovery work is
needed to complete repairs and for continued or new threats. Oftentimes one incidentprepare
quickly follows another. It is important to facilitate resumption of normal economic activities
and restore environmental resources damaged by the incident, subsequent emergency response
and post-emergency repair efforts.

ANALYSIS OF THE CU’RR.ENT EMERGENCY RESPONSE PROGRAM:

Significant improvements have been made to the existing Emergency Response Program over
the past several years. However, continuous improvements in the system must be made to
reduce the risk to resources protected by Delta levees. Improving our emergency response
capability a very cost of reducingis effectivemethod risk.

The fluctuations in fundi.ng and environmental regulation applicable to ongoing levee
reconstruction, maintenance and repair work has impacted the capability of local, state and
federal agencies to respond to imminent threats of levee failure in several ways.
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The "work windows" established under biological opinions on endangered species (Chinook

Salmon, Delta Smelt, and Swainsons Hawk) are especially important. These windows,

combined with other environmental permitting practices, have severely constrained

opportunities to perform the work in the Delta waterways which is essential to proper levee

reconstruction, repair and maintenance.

Without sufficient work opporttmities, the specialized levee building equipment (especially side

draft dredges, barge cranes and rock barges) and personnel experienced in operating conditions

in the Delta have almost disappeared. These types of equipment and experienced operators are

necessary during levee emergencies in those locations and under conditions where work often

cannot be performed from the land.

Levee funding resources have been severely impacted by inconsistent and inadequate program

funding. Local financial resources have been impacted by bank audit procedures which have

reduced the availability of credit to local reclamation districts and by lengthy delays in

reimbursement from state and. federal disaster assistance programs because of often-unclear

inspection, documentation, and audit procedures.

Some of the levee maintaining agencies don’t generate the revenues needed to provide adequate

maintenance and emergency response. Levee maintenance assessments of such local agencies

are too low to provide meaningful maintenance and emergency response operations.

In some instances, State and federal emergency assistance has been delayed by the required

showing that local resources have been exhausted.

Although historically there has been confusion over the procedures for declaration of a state of

emergency and the respective roles of the various local, State and federal interests, these areas

have shown considerable improvement as a result of experience gained in the 1997 and 1998

flood emergencies. Three documents were completed in compliance with the Flood Emergency

Action Team (FEAT) recommendations and have enhanced emergency operations:

1)Guidelines for Coordinating Flood Emergency Operations, 2) Flood Preparedness Guide for

Levee Maintaining Agencies, and 3) Protocol for Closure of Delta Waterways. These

guidelines have integrated local agencies that maintain levees and flood control structures into

theoverallemergency response.

By law, State agencies must use the Standardized Emergency Management System (SEMS)

when responding to emergencies involving multiple jurisdictions or multiple agencies. The
basic framework of SEMS and the Incident Command System (ICS) incorporates multi-agency
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or inter-agency coordination, the State’s master mutual aid agreement and mutual aid program,
the operational area concept, and the Operational Area Satellite Information System (OASIS).
SEMS has also enhanced the emergency response capability of local and State agencies.

The California Department of Water Resources approved Water Resources Engineering
Memorandum No. 63 on January 29, 1999, which establishes the Department’s policy and
procedures for responding to emergency levee-endangering incidents in the Sacramento-San
Joaquin Delta. Similar advance work is necessary relative to potential earthquake emergencies
and in the regulatory arena to pre-defme environmental regulations applicable to levee
emergencies and recovery activities.

PROPOSED PROGRAM

CALFED’s contribution to an effective Delta levee emergency response program should be
concentrated in seven areas:

1. Funding. The vulnerability of the levee system can be reduced by implementing
an integrated and comprehensive reconstruction, repair and maintenance program for Delta
levees and eharmels, as described and recommended under the Levee System Integrity
Program. This can only be accomplished by supplementing local funding capability through
State and federal cost-sharing at adequate and consistent levels, and by opening up existing
"work windows" and environmental permitting so that available Delta levee building industry
can establish itself. The significant incidental benefit of a well-funded Delta levee program is
to establish a continuous local presence of specialized equipment. Marine-based equipment
required to perform levee rehabilitation on some central and western Delta islands will likely be
more accessible during emergencies if there is sufficient ongoing work to maintain local
operations.

2. Response by State and Federal Agencies.

a. In accordance with the "Guidelines for Coordinating Flood Emergency
Operations," the local levee-maintaining agency requests PL 84-99 flood fight assistance
through the local government or operational area’s Emergency Operations Center established
under the SEMS. For flood control projects ~ponsored by the Reclamation Board, DWR
technical assistance may be requested directly. Local requests to the U. S. Army Corps of
Engineers for PL 84-99 assistance are referred through the operational area or DWR. After
evaluation, the Department forwards the request to the Corps of Engineers for further review
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and action. The response is in some cases delayed and hindered by a need that local and State

resources "have been exhausted." When the Corps does respond, its floodfight efforts are 100%

funded.

The DWR response has generally been limited to technical assistance, and

coordination of work with the California Conservation Corps, California Department of
Forestry and Fire Protection, etc., crews for placement of sandbags, plastic and other hand labor

related work.

The DWR authority to respond should be clarified and expanded to include all         ~
instances where levees or other flood control structures are in danger of failure regardless of

whether or not the danger is due to storms, floods, earthquakes, rodents, vessel impacts or any¯
other cause. The funding for support of DWR’s efforts, either through expansion of existing

programs or through creation of a new program should be ample and clearly committed for a

comprehensive emergency response1.
I

The role of the Corps should also be clarified and confirmed so as to eliminate

delay in response and avoid any dispute as to whether or not the local and State response is

sufficient.

b. Under PL 84-99, th~ Corps of Engineers repairs the flood-related damage

to "project levees" and eligible non-project levees. The only non-federal costs are for lands,

easements and rights-of-way, and local obligations to hold the government harmless and to

operate and maintain the project, and to provide borrow material for repairs.

DWR should be given the mandate, authority and funding to carry out the repair

of damage to Delta "non-project" levees due to floods, storms and levee failure incidents

including de-watering flooded areas. All FEMA and OES funds related to such work should go

directly to DWR. The balance of the cost after application of the LMA (Reclamation Districts)

obligation would be paid by DWR through other funding.

a The $200,000 currently provided to DWR under the Delta Levee Subventions Program

(Water Code § 12994) is not only inadequate, but will expire under the terms of its authorizing¯
legislation. |
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3. En~uring Availability of Flood Fight Resources.

and A revitalized levee rehabilitationa. Specializedequipment operators:

industry under the Levee System Integrity Program will establish a fleet of specialized

equipment essential to a rapid emergency response,2 but will not ensure its availability during

emergencies which often extend to other areas. LMA’s and!or Operational Areas should

establish pre-emergency contracting for specialized equipment to secure the availability of the

equipment and experienced operators, and establish pricing for emergency services.

b. Materiel stockpiles: The State Department of Water Resources has

established stockpiles for flood fight materiel (sandbags, plastic, stakes, light equipment,
pumps, etc.) at locations in the northern, southern, and western Delta. This program needs to

be expanded to include rock and sand stockpiles, and to key locations in the central and south

Delta regions. Additionally, assurance of supply and/or stockpiling of drain rock and riprap

should be included. Coordination between the stockpiling activities of other agencies would be
desirable. Transportation of the materials to where they are most needed also needs to b’e

addressed.

c. Labor: Operational Areas and/or LMAs should consider formal

arrangements with the California Department of Forestry and Fire Protection as well as with the

California Conservation Corps and with the State prison system for emergency assistance.

4. Int¢grated Response. A detailed response plan should be developed for the

Delta that would allow an immediate, simultaneous response to a serious incident (such as a

major flood or an earthquake) by all levels of government within a single integrated
organizational structure. The plan would identify common needs and functions of all agencies,

e.g., housing, feeding, transportation, supplies (includingsand), equipmentrock and and

Ideally, the re.sident population of specialized equipment needs to be sufficient to operate in
several locations at once, whether because of high flood stages threatening many sites, or
because of a strong earthquake damaging several sites. A Delta-based dredging company
estimates that it takes at least a $5 million annual levee program expenditure level to generate
enough dredger work to justify operating one dredge, with a work window of 3 to 4 months.
One barge crane/rock barge unit would be justified in a program of that size with a ten-monhh
work window. By extrapolation, we might expect a $30 million annual program to support
approximately 5 dredgers and 5 barge crane/rock barge units in the Delta given appropriate
work windows.

-7- June 1, 1999

C--02041 5
C-020417



contracted services and assign the most capable agency/jurisdiction to perform each on behalf
of all agencies. The detailed floodfighUeartlaquake response plans for specific LMAs or areas
of the Delta would provide the basis for pre-identifying and assigning specific responsibilities
for each agency as well as the level of resources which the individual LMA would be expected
to provide in response to the emergency. With detailed assignment of responsibilities, an
organizational structure for the "area command" could be delineated so as to assure
coordination with the "incident commands." The detailed respons~ plan would serve as the
basis for requesting modification to disaster assistance programs, including any needed
legislation. The FEAT-produced documents, discussed earlier, may serve fftis purpose. The
CALFED Emergency Response Subteam is currently reviewing these documents.

5. Clari .lying Regulator¢_ Procedures: Although both State and federal laws
suspend environmental regulation during emergencies, some clarifications are desirable.

a. The definitions of emergency for response and regulatory ac.tivities need

to be consistent. It is especially important that the defined duration of the emergency be
consistent for both purposes..

b. Mitigation measures which will be expected during post-emergency
recovery work should be defined by a series of examples in order that emergency work will not
unnecessarily exacerbate mitigation responsibilities, so that post-emergency recovery work will
not be unnecessarily delayed, and so appropriate mitigation can be rapidly defined and
implemented.

6. Clari _lying Pro_re’am Eli~bility. Inspection. Documentation. Auditing. and
Reir~bursemer~t Procedures. In virtually all of the declared emergencies in the last twenty-five
years there has been confusion as to how the State and/or federal emergency assistance
programs are to be administered. This confusion has contributed to lengthy reimbursement
delays, or outright denials which has adversely affected the fmancial condition and trade-credit
and bank-credit opportunities of the local flood control agencies. The requirements of these
programs need to be standardized to be consistent with one another, be well and timely
communicated to the local agencies, and not be changed or re-interpreted during the completion
of the reimbursement process. In addition, legal jurisdiction as a criteria for cost
reimbursement needs to be clarified tO eliminate obstacles to integrated, multi-jurisdictional
emergency response.
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7. Dispute Resolution. Because events move swiftly during emergency response,
there should be a timely dispute resolution process. Currently, the "exhaustion of
administrative remedies" followed by court system recourse is truly exhausting both in terms of
energy and money. Reimbursement disputes have consumed more than fifteen years in many
cases, with local resources being used which should be going into levee work. A binding
arbitration procedure conducted by knowledgeable but impartial arbiters should be established
encompassing both the State and federal programs.
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I CALFED BAY-DELTAPROGRAM
SEISMIC VULNERABILITY

OF THE
I SACRAMENTOISAN JOAQUIN DELTA LEVEES

I FORWORD

The CALFED Bay-Delta program is an unprecedented collaboration among state and

I federal agencies and the state’s leading urban, agricultural and environmental interests to
address and resolve the environmental and water management problems associated with the
Bay-Delta system. The mission of the CALFED Bay-Delta Program is to develop a long-term

I comprehensive plan that will restore ecological health and improve water management for
beneficial uses of the Bay-Delta system. The objective of CALFED’s Levee System Integrity
Program is to reduce the risk of land use and associated economic activities, water supply,

I infrastructure, and the ecosystem from catastrophic damage associated with breaching of
Delta levees.

I Delta levees are the most visible man-made feature of the Bay-Delta system. They are
an integral part of the Delta landscape and are key to preserving the Delta’s physical

i characteristics and processes, including definition of the Delta waterways and islands. There
is growing concern that California’s Bay-Delta system levees are vulnerable to failure,
especially during earthquakes. Levee failures in the Delta could flood farmland and wildlife

I habitat, and also interrupt water supply deliveries to urban and agricultural users and disrupt
highway and rail use. Although there has never been a documented levee failure from a
seismic event, the Delta has not experienced a significant seismic event since the levees have

i been at theii" current size. One goal of CALFED’s Levee Program is to identify the risk of
failure of Delta levees due to seismic events and develop recommendations to reduce levee
vulnerability and improve levee seismic stability.

I A Seismic Vulnerability Sub-Team of CALFED’s Levees and Channels Technical Team
was formed to assess the seismic risk. This sub-team, composed of seismic experts and

i with experience in the Delta, evaluated levee fragility and assessedgeotechnicalengineers
the seismic vulnerability of the current levee system. This report presents the findings and
conclusions of the Seismic Sub-Team. CALFED’s Levee Program will conduct further studies

I to apply this information to overall risk assessment.

i CALFED thanks DWR’s Division of Engineering for sponsoring this exceptional study
and also recognizes the superior efforts of the experts on the sub-team who contributed their
unique technical knowledge, diverse views, and willingness to work long hours.

!
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CALFED BAY-DELTA PROGRAM
SEISMIC VULNERABILITY

OF THE
SACRAMENTOISAN JOAQUIN DELTA LEVEES

I 1 INTRODUCTION

1.1 BACKGROUND

I              The CALFED process has produced a draft programmatic environmental impact
report that describes three alternatives for improving the Delta’s environment, water quality,

I and water supply reliability. The seismic risk assessment described in this report provides
an assessment of the Delta’s current vulnerability to potential damage caused by an
earthquake. This assessment also provides an estimate of the probability or likelihood that a

will This information will be used evaluate the CALFEDdamagingearthquake occur. to
alternatives with respect to the seismic impact to the Delta environment.

I               1.2     ORGANIZATION

i This seismic risk assessment was performed by a sub-team of the Levees and
Channels Technical Team Of CALFED. The.sub-team is comprised of geotechnical
engineers and a seismologist. The members represent Federal and State government, local

i interests, and independent consultants. The members of the sub-team are:

Dr. Norman A. Abrahamson Consulting Seismologist
Fred N. Brovold GEl Consultants
Gilbert Cosio Murray, Burns, and Kienlen, Consulting Engineers
Michael W. Driller Department of Water Resources

I Dr. Leslie F. Harder, Jr. Department of Water Resources
Dr. N. Dean Marachi The Mark Group, Consulting Engineers
Christopher H. Neudeck Kjeldsen, Sinnock, Neudeck, Consulting Engineers

I Lynn Moquette O’Leary CALFED/U.S. Army Corps of Engineers "
Michael Ramsbotham CALFED/U.S. Army Corps of Engineers
Dr. Raymond B. Seed Seismic Geotechnical Consultant

I Raphael A. Torres - Chair Department of Water Resources

1.3 BASIS FOR THE ASSESSMENTS

! The seismic risk analyses and assessments presented in this report are based on the
most current available information. Information on the seismic response of peat/organic soils
is still being developed. Even though hundreds of borings describing the subsurface
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I
conditions of Delta levees were reviewed, these borings can only provide a limited
characterization of the hundreds of miles of levees. Yet, it is not likely that a finite number of

Iadditional borings would significantly change the present characterization.

Additional investigations cannot be completed within the CALFED time frame.           I
Consequently, a combination of sensitivity analyses and assumptions were used to fill this
information void. The sub-team determined that even though there was little information
available on some issues, a reasonable assessment of the Delta as a whole could still be       I
achieved. This is described in more detail in the report.

I
Members of the Seismic Vulnerability Sub-Team:

Top Row, Left to Right: Michael W. Driller, Dr. Raymond B. Seed, Frederick N. Brovold,      ~
Dr. Leslie F. Harder, Jr., Dr. Norman A. Abrahamson, Michael Ramsbotham

Bottom Row, Left to Right: Christopher H. Neudeck, Gilbert Cosio, Dr. N. Dean Marachi,
Lynn Moquette O’Leary, Raphael A. Torres                        ~
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2 GEOLOGIC SETTING

2.1 GEOLOGY

The Sacramento-San Joaquin Delta, located at the confluence of the Sacramento and
San Joaquin Rivers, is an unique feature of the California landscape (see Figure 2-1). The
Delta is part of the Central Valley geomorphic province, a northwest-trending structural basin
separating the primarily granitic rock of the Sierra Nevada from the primarily Franciscan
Formation rock of the California Coastal Ranges (Converse et al., 1981). The Delta occurs
in an area that contains 3 to 6 miles of sedimentary deposits, most of which accumulated in
a marine environment from about 175 million years ago to 25 million years ago.

Since late Quaternary time, the Delta area has undergone several cycles of
deposition, non-deposition, and erosion, resulting in the accumulation of a few hundred feet
of poorly consolidated to unconsolidated overlying sediments. Delta peats and organic soils
began to form about 11,000 years ago during a rise in sea levels (Shlemon and Begg, 1975).
This rise in sea level created tule marshes that covered most of the Delta. Peat formedfrom
repeated burial of the tules and other vegetation growing in the marshes.

During the cycles of erosion and deposition, rivers were entering from the north,
northeast, and southeast. These included the Sacramento, Mokelumne, and San Joaquin
Rivers. As the rivers merged, they formed a complex pattern of islands and interconnecting
sloughs. River and slough channels were repeatedly incised and backfilled with sediments
with each major fluctuation. These processes were complicated by concurrent subsidence
and tectonic changes in land surface.

Debris produced by hydraulic mining during the gold rush of the mid-1800’s disrupted
the natural depositional history of the Delta. Hundreds of thousands of tons of silt were
washed from the Sierra Nevada into the Delta. This sediment debris filled stream channels,
caused flooding, and raised the natural levees along Delta streams and sloughs.

2.2 L..EVE .E._BUILDING HISTORY

In the late 1800’s, Delta inhabitants began fortifying existing natural levees and
draining inundated islands in the Delta for agricultural use.

Most of the early levees in the Delta were constructed by Chinese laborers
(Thompson, 1982) using hand shovels and wheelbarrows, and some were built using
scrapers pulled by horses. Later, when the farmers realized that levees of sufficient height
could not be efficiently built by hand, the barge-mounted, sidedraft-clamshell dredge was
used. The levees were generally built of non-select, uncompacted materials without
engineering design and without good construction methods.

C--020428
C-020430



|
CALFED Bay-Delta Program []
Seismic Vulnerability of the
Sacramento/San Joaquin Delta Levees 4 ¯

C--020429
C-020431



I CALFED Bay-Delta Program
Seismic Vulnerability of the
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The original levees were usually less than five feet high, but continuous settlement of

I the levees and subsidence of the interior island soils since the initial levee construction has
required the periodic addition of new fill to maintain protection against overtopping by waters
of the Delta. The interiors of many islands are now commonly 10 to 15 feet below sea level.

I Presently, some levee crowns are 25 feet higher than the interior of their respective islands.
Figure 2-2 illustrates the evolution of Delta levees over time.

I In general, the upper portion of Delta levee embankments are comprised of mixtures
of dredged organic and inorganic sandy, silty, or clayey soils that have been placed on either
natural peat or natural sand and silt levees. The variability in foundation materials for Delta
levees can be great, even between sites that are in close proximity to one another. Such
heterogeneity is due to a history of continuous stream meandering and channel migration
within the Delta.

I
2.3 LEVEE DAMAGE CAUSED BY PAST EARTHQUAKES

I A review of available historical information indicates that there has been little damage
to Delta levees caused by historical earthquakes (CDWR, 1992). No reports could be found
to indicate that an island or tract had been flooded due to an earthquake-induced levee
failure, could be found to indicate that had beenFurther, no report significantdamage ever
induced by earthquake shaking. The minor damage that has been reported has not
significantly jeopardized the stability of the Delta levee system.

This lack of severe earthquake-induced levee damage corresponds to the fact that no

i significant earthquake motion has apparently ever been sustained in the Delta area since the
construction of the levee system approximately a century ago. The 1906 San Francisco
earthquake occurred 50 miles to the west, on the San Andreas Fault, and produced only

i minor levels of shaking in the Delta; as the levees were not very tall yet in 1906, these
shaking levels posed little threat. Continued settlement and subsidence over the past 90
years has, however, significantly changed this situation. Consequently, the lack of historic

i damage to date should not lead, necessarily, to a conclusion that the levee system is not
vulnerable to moderate-to-strong earthquake shaking. The current levee system simply has
never been significantly tested.

!
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Figure 2-2: Evolution of Delta Levees Over Time I
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3.0 SEISMICITY OF THE DELTA REGION

I 3.1 .REGIONAL FAULTING AND MODELS

I The Delta Levees are located in a region of relatively low seismic activity as compared
to the San Francisco Bay area. The major strike-slip faults in the Bay Area (San Andreas,
Hayward, Calaveras faults) are located over 16 miles from the Delta region (see Figure 3-1).

I The less active Green Valley and Marsh Creek-Clayton faults are over 9 miles from the Delta
region. There are also small but significant local faults in the Delta region, and there is a
possibility that there are blind thrust faults along the western Delta (see Figures 3-1 and

I 3-2).

3.2 LOCAL FAULTING AND MODELS

! In recent seismic studies of the Delta region, a series of blind thrust faults along the
western edge of the central valley and extending through the Delta has typically been used

i in the seismic source characterization. However, there is large uncertainty in the location,
activity, and even existence of these blind thrust faults in the Delta region. Although various
names have been used for this theoretical system of blind thrust faults; in this study we have
used the term Coast-Range Central Valley (CRCV) boundary thrust fault system. VVhile
there is clear evidence that the CRCV fault system exists and is potentially active to the
south and north of the Delta, there is not clear evidence of potentially active blind thrust
faults in the Delta region. The possibility that the CRCV fault system exists in the Delta
region has a significant effect on the seismic risk to the Delta levees. Due to the large

I uncertainty in this important aspect of the source characterization, two alternative models of
the local faulting have been used in this study: One that includes the CRCV feature in the
Delta region, and an alternate one that includes smaller thrust faults west of the Delta region.

I The first model is based on the seismic source characterization currently used by the
California Division of Mines and Geology (1996) which are part of the state seismic hazard

i map. In this model, the CRCV is assumed to extend into the Delta region (see Figure 3-1).
This model is called the "CRCV" model in this study.

I The second model is based on a recent evaluation of the faulting in the Delta region
by Lettis and Associates (1998). The Lettis study has concluded that the blind thrust faults
do not exist in the Delta region. Instead, thrust faults located further west of the Delta region
are postulated as accounting for the crustal shortening across the region (see Figure 3-2).
This model is called the "Lettis" model in this study.

!
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I

!
!
!

Figure 3-1: CRCV Delta Fault Model ’ I

I
I
I
I
I
I

Figure 3-2: Lettis Delta Fault Model                           I

I
I
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3.3 SEISMIC HAZARD ..RESULTS

Although the two local faulting models are quite different, they produce similar levels
of peak ground acceleration (PGA) at individual sites in the Delta region using a probabilistic
analysis. For an outcrop of stiff soil or rock, the 100-year PGA ranges from 0.2g in the
western Delta to 0.1g along the eastern Delta (see Figure 3-3). Figure 3-4 presents the
estimated PGA at Sherman Island for a range of return periods. Once again, both the CRCV
and Lettis models produce similar predictions of PGA. However, while the individual site
PGA is similar for the two models, the magnitudes associated with them are different and
this leads to very different predictions of performance of the Delta as a system which is
discussed later.

For the western Delta, the dominant earthquake contributing to the 100-year PGA is a
magnitude 5.8 to 6.2 earthquake at a distance of about 13 miles from local sources. For the
eastern Delta, the magnitude 7.5 to 8.0 events on the San Andreas Fault and magnitude 7
events on the Hayward Fault also contribute significantly to the hazard, in addition to the
local 5.5 to 6.0 The main to themagnitude earthquakes. magnitudecontributing 100-year
return period hazard for the eastern Delta is about magnitude 6.

Since the overall seismic hazard is dominated by moderate local events, it is unlikely
that the entire Delta region will be subjected to large motions in any single earthquake. For
example, a magnitude 6 event near the northern Delta may cause significant ground motions
in the northern Delta, but not in the southern Delta, as peak accelerations produced by
events of only moderate magnitude attenuate fairly rapidly with distance from the source
(fault rupture).

Appendix A presents additional information regarding the seismic source models of
the Delta region and the results of the probabilistic hazard analysis.

C--020434
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I

I Lettis Model

I oRc__~v Mode, _ _ _~_ I

I

I
Figure 3-3: Acceleration Contours for 100-y~ar R~turn Int~al - both Models
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I Figure 3-4: Peak Accleration vs Return Period for the CRCV and Lettis Models
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~
4 ESTIMATES OF LEVEE FRAGILITY DUE TO EARTHQUAKE SHAKING

4.1 INTRODUCTION I

Estimates of Delta levee fragility during different earthquake Ioadings were developed
by members of the Seismic Vulnerability Sub-Team of the CalFed Levees and Channels
Technical Team. Levee fragility is defined as a measure of the susceptibility of a levee to fail
during a particular seismic loading. Members of the sub-team reviewed available
geotechnical information associated with levees in the Delta and assessed the relative
vulnerability of the levees and their foundations to earthquake shaking. Sub-team members
also reviewed previous seismic stability studies of various areas in the Delta. The efforts of
the sub-team were facilitated by geotechnical reports and data supplied by the California
Department of Water Resources, U. S. Army. Corps of Engineers; Kjeldsen Sinnock &
Neudeck, and Murray Burns & Kienlen. The Bibliography (Section 8) presents a partial list
of the reports and studies reviewed. In addition, members of the sub-team were privy to
other unpublished data.

4.2 PROCESS

The process for assessing potential levee failures during earthquakes was to review
the available information and to develop a range of estimates for the number of levee
failures that might occur for various levels of earthquake acceleration. This levee fragility
was expressed in a normalized form as the number of expected levee failures per 100 miles
of levee. Different ranges of fragility were estimated for different regions in the Delta, and for
different levels of earthquake shaking. This information is used in a later section, together
with the probabilistic seismicity estimates, to develop estimates of the number of failures
likely within an exposure period.

Failure was defined as sufficient distress to the levee in the form of slumping and/or
cracking that would lead to a complete breach and uncontrolled flooding of the island.
Failure was considered to occur either during the earthquake, or within a very short period of
time following the earthquake. Levees could be extensively damaged during or subsequent
to earthquake shaking, but unless a full breach of the levee resulted, failure was not
considered to have occurred.

Precise quantitative estimates of levee failures cannot be made because geotechnical
information for over 600 miles of levees remains limited, particularly for the levees
themselves. The sub-team members relied upon the available information and their
individual knowledge and experience to develop individual assessments of the frequencies
of levee failure for different levels of earthquake shaking. These individual assessments
were then discussed by the sub-team and refined into a single consensus range of values.

C--020437
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4.3 EA,RTHQU.AKE MOTIONS CONSIDERED

i              The likely range of bedrock/stiff soil motions that might be experienced on an outcrop
of such materials within the Delta within the next 30 to 300 years is between 0.05 and 0.30g

I (see Section 3). Such motions are expected to be generally associated with a Magnitude 6
event. However, the Delta has thick and deep deposits of soft organic and mineral soils
overlying the top of bedrock and/or stiff soils~ Layers of soft soils overlying stiffer deposits

I are generally expected to amplify earthquake motions developed in the deeper, stiffer
deposits. Based on the studies by CDWR (1992) and Boulanger, et al. (1997), the most
likely acceleration amplification factors between deep and stiff base layers to the levee

I crowns range between 1 and 2. For the purposes of the current assessments, an average
amplification factor of approximately 1.6 was used. This crown amplification accounted for
both soft soil amplification as well as topographic amplification. Accordingly, the earthquakeI parameters considered in these fragility assessments can be summarized as follows:

Earthquake Magnitude: 6.I Peak Bedrock/Stiff Soil Outcrop Accelerations: to 0.30g.0.05
Base Layer Outcrop to Levee Crown Amplification Factor: 1.6.

I Magnitude scaling factors to correct the "equivalent" acceleration levels for earthquakes
having magnitudes other than Magnitude 6 were incorporated in the probabilistic seismicity

I analyses (see Appendix B). These scaling factors account for the fact that larger magnitude
events typically cause longer durations of shaking (more cycles of shaking), and these
duration differences affect the severity of the loading.

I 4.4 DAMAGE. POTENTIAL ZONES

i Two principal modes of potential earthquake-induced levee failure were considered
while developing the different damage potential zones: 1) Flow slides and lateral spreading
associated with strength loss (liquefaction) of levee embankment or foundation soils, and 2)

I Inertially-induced seismic deformations of levees experiencing no liquefaction. Potential
failure mechanisms included overtopping, seepage erosion due to cracking, and
exacerbation of existing seepage problems due to deformations and cracking. Seasonal

i variations in river and slough water elevations, and their interactions with tides, were also
considered. This evaluation resulted in dividing the Delta area into four Damage Potential
Zones as described in Table 4-1 and shown in Figure 4-1.

!
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Qualitative assessments of high, medium, and low failure potential during earthquake
shaking were made for different regions within the Delta. The principal geotechnical
parameters affecting this assessment included the following:

¯ The presence of loose, cohesionless sandy and silty layers in the levee
embankment generally lead to a high or medium-high failure potential rating.
Such soils are liquefiable when saturated. Since levees are manmade and not
formed by intermittent natural processes, loose soils are expected to have
greater lateral continuity within a levee than in a natural deposit. The presence
of such soil beneath the phreatic line within the manmade levee embankment,
as detected by penetration testing, indicates a relatively high potential for a
liquefaction-induced levee failure. Levees with substantial amounts of liquefied
material are likely to exhibit flow slides and lateral spreading as very loose,
cohesionless soils have low post-liquefaction shear strengths.

¯ The presence of loose, cohesionless sandy and silty layers in the levee
foundation was also considered detrimental because of the potential for
liquefaction. However, it was not considered as sedous as having such
materials within the levee. This is because such layers within the natural
foundation are more likely to be discontinuous. Foundation liquefaction
beneath a levee is also generally less critical than liquefaction within the levee
embankment as the post-liquefaction shear resistance necessary to prevent
flow and lateral spreading is lower due to geometry and net driving force
considerations. In addition, somewhat higher penetration resistance is
commonly reported for such foundation layers and this suggests somewhat
higher liquefaction resistance and post-liquefaction shear strength.

¯ High levees on thick, soft foundations were considered more fragile because of
their potential to have marginal static stability. Levee sections with only
marginal static stability were considered to be likely to slide and experience
significant displacements during earthquake shaking even without liquefaction.

¯ Levees with narrow cross sections, limited freeboard, or histories of previous
distress were also considered to have a higher probability of failure.

C--020439
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i TABLE 4-1: DAMAGE POTENTIAL ZONES WITHIN THE DELTA

Damage Potential Levee Length Description
Zone in Zone (miles)

I 20 Hi_~h susceptibility to earthquake-induced levee failure.
This zone encompasses only Sherman Island and was

i considered to have high potential for failure due to the
presence of substantial liquefiable soils within the non-
project levees especially those along the San Joaquin
River. These levee reaches have an unusually high
amount of cohesionless sandy and silty soils within the
levee section, are relatively narrow, are founded on thick
deposits of soft soil, and have a history of distress.

I II 301 Medium to medium-high Susce=}tibility to earthquake-
induced levee failure. This zone is within the central Delta
and generally includes levees with high sections founded
on thick deposits of soft soil. Most of the levees which
have had histories of distress or that have failed during
flood events are located within this zone. Vulnerability

i varies significantly within this region, even along adjacent
levee reaches, principally as a function of the presence or
absence of liquefiable soils at the base of the levee
embankment sections.

III 116 Low to medium susceptibili~ to earthquake-induced
levee failure. This zone is located on the southern and

I western periphery of the Delta and generally involves
levees of smaller heights founded on thinner layers of soft
soil.

i IV 223 Low to medium susceptibility to earthquake-induced
levee failure. This zone is located on the northern and
eastern periphery of the Delta and generally involves
levees of smaller heights founded on thinner layers of soft

i soil.

I TOTAL LENGTH 660 miles
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4.5 ESTIMATES OF LIQUEFACTION-INDUCED LEVEE FAILURES

Liquefaction fragility estimates (failures per 100 miles of levee) were developed by theI
sub-team for different earthquake Ioadings based on the sub-team’s experience with the
performance of similar earth structures. The three principal steps in developing these ¯
estimates were as follows:

1. Levee geometries and geotechnical data from over 34 "sites" within the Delta were
reviewed and evaluated. Each "site" was a levee reach (or length), and these varied
from as little as a few hundred feet to reaches many hundreds of feet in length. The
information reviewed included results from boring logs, Standard Penetration Tests
(SPT), Cone Penetration Tests (CPT), soil classification testing, and shear strength
testing.

2. The liquefaction potential of sandy and silty soils within both the levee and foundation
soil strata was evaluated using the penetration test data and the well-established
correlation developed by Seed, et al. (1984), with suitable corrections for magnitude
and duration effects. Post-liquefaction shear strengths were evaluated based on the
correlation developed by Seed and Harder (1990), and the performance of similar
earth structures during recent earthquakes.

Post-liquefaction shear strength estimates were used to evaluate the associated
displacement and deformation potential of levees following the triggering of
liquefaction. The displacement or deformation evaluation was used to obtain an
estimate of the potential for levee sections at each site to fail following an earthquake.

3. The resulting estimated potentials for levees to fail due to liquefaction distress were
then used to statistically characterize the likelihood of liquefaction-induced levee
failures, for various levels of shaking, within each of the four Damage Potential Zones
shown in Figure 4-1. The evaluations outlined in these three steps were performed in
both qualitative assessments as well as with quantitative approaches, and the
evaluations developed by various sub-team members were resolved to develop
consensus ranges of fragility estimates. These estimates also incorporate differences
in risk associated with daily (tidal) and seasonal variations in water levels in the rivers
and sloughs.

The resulting liquefaction-related fragility estimates for each of the four Delta Damage
Potential Zones are presented in Table 4-2. For peak accelerations less than 0.1g, the
estimated fragility values are relatively low. This is in good agreement with the documented
performance of Delta levees subjected to historical earthquakes. Peak base accelerations
from historical earthquakes have been estimated to have been less than about 0.08g since
reclamation of the Delta began in 1868 (see CDWR, 1992). However, as base accelerations
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(seismic loading) increase, the estimated levee fragility also increases for all four damage
potential zones.

One of the important findings from the liquefaction fragility estimates is that the hazard
associated with this mode of failure is much greater for Zone I (Sherman Island) than for the
other three zones. This is because extensive layers of liquefiable sandy soils are known to
exist within the levees protecting Sherman Island. No other levee is known to have such a
large extent of liquefiable soils present in the levee. Similarly, Sherman Island is the
western-most island, and so is closest to the principal seismic source zones and thus the
island most likely to experience strong shaking levels.

Another important finding is that globally, across all four Damage Potential Zones, the
fragility associated with potential soil liquefaction is much higher than that associated with
potential non-liquefaction failure modes. This has important ramifications with regard to
potential options for reducing seismic fragility along levee sections.

!
!
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4.6 ESTIMATES OF LEVEE FAILURES FOR NON-LIQUEFACTION EARTHQUAKE-
INDUCED DISPLACEMENTS

The sub-team also believes that some marginally-stable levees will deform
significantly during an earthquake due to cyclic inertial loading. Such deformations could
lead to levee failure even if the levee and foundation soils did not experience liquefaction.
The sub-team estimated levee fragility for the non-liquefaction deformation mode of failure
using the following approach:

¯ The sub-team first estimated the number of marginally stable levee sites in each
Damage Potential Zone. The members of the sub-team, and their aggregated
personal knowledge of individual islands and levee reaches, was particularly
important here. Three levels of marginal stability were considered and the number of
marginal sites for each level was estimated for each zone.

¯ The levee deformation that would be induced by earthquake shaking was estimated
marginal stability using dynamic response analysesfor each levelof one-dimensional

coupled with Newmark-type double-integration deformation calculations. The
response analyses were used to develop estimates of deformation potential
specifically appropriate to the usual foundation soil conditions prevalent throughout
the Delta. Levee deformation estimates were generated for a range of base
accelerations.

¯ The estimated levee deformations were then converted into probabilities of failure
using a relationship developed by the sub-team. This relationship considered daily
and seasonal variations in outboard (river) water levels, varying freeboard, cracking,
and seepage erosion and piping potential. The failure probabilities were then
summed for each level of marginal stability within a zone, and then expressed as a
levee fragility in terms of expected failures per 100 miles of levee within each zone for
a range of base accelerations. These results are presented in the last two columns of
Table 4-2.

4,7 ESTIMATES OF LEVEE .FRAG.I..LITY DURING SEISMIC..E .V.ENTS

Table 4-2 presents levee fragility values estimated for both liquefaction and non-
liquefaction deformation modes of failure. In comparison with the liquefaction mode of
failure, the deformation levee fragility values are much lower, only approximately 10 percent
of the liquefaction values. In addition, while there is a significant difference in the
liquefaction fragilities estimated for Zones I and II, there is not as large a difference in the
non-liquefaction deformation fragilities. This is principally because the number of marginally
stable sites per levee mile are believed to be within the same order of magnitude within both
Zones I and II in the central Delta.

C 020444
C-020446



CALFED Bay-Delta Program
Seismic Vulnerability of the
Sacramento/San Joaquin Delta Levees 20

TABLE 4-2: ESTIMATED FAILURE RATE (FRAGILITY) FOR BOTH LIQUEFIED AND
NON-LIQUEFIED REACHES - FAILURES PER 100 MILES

Magnitude 6.0 Damage Levee Estimated Fragility - Number of Levee Failures per 100 miles
Rock/Stiff Soil Potential Length
Peak Acc. (g) Zone (miles) Liquefied Reaches Non-Liq. Reaches

I 20 0.005- 0.50 0.030 - 0.075
II 301 0.001 - 0.083 0.015 - 0.036

0.05 III 116 0.001 - 0.033 0.003 0.010
IV 223 0.001 - 0.033 0.003 - 0.010

I 20 0.20 - 2.5 0.050 - 0.12
II 301 0.080- 0.33 0.023 - 0.052

0.10 III 116 0.050- 0.15 0.004 - 0.017
IV 223 0.050- 0.15 0.004 - 1.016

I 20 2.5 - 10. 0.16 - 0.35
II 301 0.66 - 1.7 0.070 - 0.15

0.15 III 116 0.29 - 1.2 0.010 - 0.057
IV 223 0.29 - 1.2 0.011 - 0.049

I 20 5. - 20. 0.36 - 0.77
II 301 1.7 - 5.0 0.16 - 0.33

0.20 III 116 0.88 - 2.3 0.022 - 0.13
IV 223 0.88 - 2.3 0.025 - 0.11

I 20 15. - 30. 1.5 - 3.2
II 301 5.0 - 10. 0.66 - 1.4

0.30 III 116 2.4 - 5.9 0.092 - 0.53
IV 223 2.4 - 5.9 0.11 - 0.46

4.8 MAGNITU.DE CORRECTION., F.ACTORS

The estimates for levee failures and fragility presented in the previous table are for
earthquake shaking associated with a magnitude 6.0 event. For the same level of shaking,
larger magnitude earthquakes will produce longer durations of shaking (more cycles), and so
will induce more damage and more levee failures than smaller magnitude events because
larger magnitude earthquakes have longer durations and larger numbers of strong cycles of
shaking. To adjust the fragilities for earthquake magnitudes other than Magnitude 6.0, the
following scaling factors were used:

A. Liquefaction Mode of Failure:

A magnitude correction factor for the liquefaction mode of failure was
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developed using the Idriss (1997) magnitude scaling factors for triggering of
liquefaction. These corrections are slightly larger than those previously used by
Seed, et al. (1984), and are slightly lower than those recommended by the NCEER
Liquefaction Working Group (Youd, et al, 1998).

B.    Non-Liquefaction Deformation Mode of Failure:

A magnitude correction factor for the non-liquefaction deformation mode of
failure was developed using the Earthquake Sevedty Index described by Bureau et al.
(1988). This correction is much larger than the one for liquefaction, but is comparable
with the cyclic inertial deformation results obtained by Makdisi and Seed (1977).

Appendix B presents additional information regarding the estimates of the levee
fragilities and the associated evaluations and calculations used to develop them.
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~
5 PROBABILISTIC EVALUATION OF LEVEE FAILURES

5.1 .METHODOLOGY I

The seismic hazard analysis (or Probabilistic Seismicity Evaluation, as described in
Section 3) was combined with the levee fragility evaluation to develop a probabilistic
evaluation of the number of levee failures that would be expected to occur in a single
earthquake, as a function of return period or annual likelihood of occurrence of different
levels of earthquake intensity.

The levee failure probability analysis is an extension of standard probabilistic seismic
hazard analysis. The difference is that instead of calculating the probability of the ground
motion exceeding a specified value at a location, the probability of a specified number of
levee failures being exceeded in a single earthquake was computed. In this way, the
performance of the entire levee system was considered simultaneously. This avoids the
problems of using individual site hazard curves, which may represent different earthquakes
at different parts of the Delta.

These analyses consider the performance of the Delta levees for specific earthquake
scenarios. For each earthquake scenario, the probability of one or more levee failures
occurring within the Delta was computed. This process is repeated for two or more failures,
three or more failures, and so on. Following the probabilistic seismic hazard analysis, rather
than considering just one or two scenarios, it was then feasible to consider all possible
earthquake scenarios and to keep track of their probabilities of occurring.

The probability of a given number of levee failures for an earthquake scenario is
multiplied by the probability of the scenario earthquake actually occurring. This rate of failure
is then summed over all of the scenarios to give the total rate of various numbers of levees
failing in a single earthquake. A Poisson assumption for the earthquake occurrence is used
to convert the rate of failures into a probability of failures. The result is a hazard curve for
the "expected" number of levee failures in a single earthquake. The details of the
mathematical formulation used in the calculation of the probability of levee failures is
described in Appendix C.

The resulting median hazard curves for levee failures are shown in Figure 5-1. Two
curves are presented; one for the CRCV seismicity model and one for the Lettis model (see
Section 3). The large difference in the number of failures for the Lettis and CRCV models
reflects the impact of the assumption of the existence (or non-existence) of a large CRCV
blind thrust fault under the west end of the Delta. At low numbers of breaks, the two source
models lead
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to similar levee failure hazard because this part of the curve is controlled by large distant

I earthquakes on the Hayward and San Andreas fault as well as small local earthquakes
which are included in both models. At larger numbers of breaks, the differences between the
two fault models become more pronounced.

I Considering the uncertainties in the two fault models, and the uncertainties inherent in
the various elements of the overall seismic fragility and hazard evaluation; and based on

I their collective judgement, the sub-team developed the final, overall estimate of seismic
levee fragility shown in Figure 5-2. This represents the final consensus opinion, and
includes allowances for current sources of uncertainty with regard to both seismicity

i (loading) and seismic levee fragility (resistance).

The same Levee Fragility estimates are alternately shown with respect to return
I periods of 50, 100, and 200 years (see Figure 5-3). These graphs show the probability of

exceeding a particular number of levee breaks in a single event during a given exposure
time period.I
5.2     !LLUSTRATIVE...,SCENARIO EVENTS

I In order to further illustrate the results shown in Figure 5-1, this methodology was
used to develop scenario predictions for the following three illustrative scenario events:

I 1. Magnitude 7.1 earthquake on the Hayward Fault
2. Magnitude 6.25 earthquake on the Concord Fault

i 3. Magnitude 6.0 earthquake on the CRCV Fault, immediately northwest of
Sherman Island

I Figures 5-4 to 5-6 show the estimated number of levee breaks per zone, and the peak
acceleration contours for stiff soil or rock, for each of these three scenado events.

I As shown in Figure 5-4, a Magnitude 7.1 event on the relatively distant Hayward Fault
produces relatively low to moderate levels of acceleration, but of fair duration, and results in
a low predicted number of levee failures (on the order of 0 to 4 failures throughout the Delta).

I              As shown in Figure 5-5, a Magnitude 6.25 Concord Fault event produces similar
levels of peak acceleration at the western end of the Delta (on the order of 0.1g), but these

I rapidly decrease to the east. This, coupled with a relatively short duration, results in a
significantly lower level of predicted levee failures than for the Hayward fault event shown in
Figure 5-4.

!
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Figure 5-6 illustrates the third scenario event, in this case a Magnitude 6.0 on the
CRCV Fault at the northwestern edge of the Delta. The proximity of the fault rupture
produces much higher levels of acceleration, and results in much higher predicted numbers
of levee failures, especially in Zones I and II. The numbers of predicted failures for this
scenario event are fairly high (on the order of 13 to 32 through the entire Delta), but the
annual likelihood of occurrence of this even is much lower than for the events illustrated in
Figures 5-4 and 5-5.
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6 MITIGATION OF SEISMIC LEVEE VULNERABILITY

A determination as to the acceptability of the current level of seismic vulnerability for
Delta levees is beyond the scope of the sub-team. It is, however, appropriate at this juncture
for the sub-team to comment on the general feasibility of various actions that might be
considered for reducing this hazard exposure and/or their impact on the environment, water
quality, water conveyance, farming, etc.

In general, there are at least four types of approaches which might be considered in
order to reduce either seismic levee vulnerability and/or at least some of its potential
impacts. These include:

1. Improvement of seismic levee stability in order to directly reduce seismic
vulnerability.

2. Improvement of post-earthquake response capability to speed levee repairs.

3. Development of seismically-protected routes for water conveyance, either
through the Delta or around the Delta.

4. Development of increased storage capacity south of the Delta to reduce the
impact of a disruption in water conveyance and water export capacity.

The simplest and most straight-forward approach to consider is the direct
improvement of seismic levee stability. Unfortunately, it is extremely complex and
expensive. Simple levee upgrades currently being considered to improve static (non-
seismic) stability (e.g. PL84-99 upgrades) are largely ineffective at reducing seismic fragility.
These types of "static" upgrades will do very little to reduce the risk of levee failures
associated with soil liquefaction, and are unlikely to reduce the exposure levels shown in
Figures 5-2 and 5-3 by more than about 10% (almost no change in seismic exposure).

A significant reduction in seismic vulnerability would require improvement of the loose
levee embankment and foundation soils, by densification, or major geometric improvements
in levee cross-sections. This work requires careful engineering and monitoring to avoid
levee or foundation failures during construction. The cost of such seismic improvements, per
linear foot of levee, is usually much higher than the cost of non-seismic improvements.
Properly engineered and implemented, seismically-targeted levee improvements could
reduce seismic vulnerability, at least for selected islands or levee sections, but it would be
very difficult (at any cost) to fully eliminate potential seismic vulnerability.

A second potential measure for reducing seismic levee vulnerability, and its impact,
would be to improve emergency response capability. At the present time, the ability to
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respond to more than a limited number levee failures following a seismic event is probably
very limited. Response capability is limited by lack of suitable or available barges and
equipment, by limited availability of construction materials (e.g. rockfill borrow material,
plastic sheeting and filter fabric), limited access, and by a lack of pre-planned and
coordinated response plans. A significant improvement in response capability would
probably be a very economical interim step in reducing overall seismic exposure. Purchase
and maintenance of barges and cranes, stockpiling of coarse rock at several sites, increased
deployment of stocks of plastic sheeting and filter fabric on most islands, planning and
coordination of response by various groups and agencies, etc., would greatly increase the
number of failures that could either be prevented or addressed and repaired within a given
time-frame (e.g. within six months, or within a given water season, etc.).

The development of seismically-protected water conveyance routes, either through
the Delta or around the Delta, has been considered for various reasons by other groups in
the CALFED process. Either approach is technically feasible, in principle, but at
considerable cost. Evaluating the environmental and/or political ramifications of such an
alternative is beyond the scope of the sub-team.

Similarly, it is beyond our scope to comment on the cost or feasibility of expanding
storage capacity south of the Delta.
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7 SUMMARY OF FINDINGS

The studies presented in the previous sections were completed to provide an
evaluation of the current seismic vulnerability of levees in the Sacramento-San Joaquin
Delta. The major findings of this study are summarized as follows:

¯ Figures 3-1 and 3-2 show the principal faults considered in the development of a
probabilistic assessment of seismicity. Two models were considered in this analysis:
One which included a potentially significant blind thrust fault system along the western
edge of the Delta, and one which did not. Although both fault models predict about
the same general levels of peak accelerations for a given return period, the
earthquake magnitudes associated with the motions are different, with somewhat
higher magnitudes resulting from the fault model with the blind thrust fault (see
Figures 3-3 and 3-4).

¯ This study characterized the levee fragility of the Delta by subdividing the Delta into
four Damage Potential Zones (see Figure 4-1). Seismic vulnerability is highest in
Zone I, Sherman Island, due to poor levee embankment and foundation soils, and
higher exposure to seismic shaking at the western edge of the Delta. Zone Ii, the
central area of the Delta, has the next highest overall level of seismic levee fragility.
Zones III and IV, with levees of lower heights founded on general firmer soils, have
generally lower levels of levee fragility.

¯ Levee fragility, or the risk of levee failures within each of the four damage potential
zones, was estimated for a range of potential earthquake shaking. The two potential
modes of levee failure used in this assessment were:

(1) Soil liquefaction (loss of strength of saturated sandy and silty soils).

(2) Inertially-driven deformations of "weak," marginally-stable levee sections.

Levee fragility values for both of these potential modes of failure are presented in
Table 4-2.

¯ Finally, seismic vulnerability was evaluated by combining the probabilistic assessment
for various earthquake motions (loading) with the estimated seismic fragility
(resistance) of different levee reaches. The fault model without the blind thrust fault
gave lower predicted numbers of levee failures (e.g. 3 vs. 7 levee failures in a single
earthquake for a return period of 100-years). As it is not presently possible to
conclusively select between the two faulting models studied, this study ended up
averaging the results from the two fault models, with the final levee vulnerability
results shown in Figures 5-2 and 5-3.
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A brief discussion of some of the options for reducing the current seismic vulnerability
of Delta levees was also presented in Section 6. Briefly, it was concluded that
attempting to significantly reduce seismic levee fragility would be both difficult and
expensive, and that simply making minor modifications (e.g.: along the lines of PL84-
99 criteria) would not significantly reduce seismic vulnerability. Developing improved
emergency response plans and measures (including stockpiling of critical materials
and equipment) was thought to have considerable merit, especially in the short-term.

The next phase of this committees’ studies should include further examination of
various proposed long-term mitigation alternatives.

!
!

!
!
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I

APPENDIX A:
ISEISMICITY OF THE DELTA REGION

A1. INTRODUCTION

The Delta is located in a region of relatively low seismic activity. However, if a large
earthquake (M=6.5-7) occurs on a local fault in the Delta region, then there will be large
ground motions (with peak horizontal accelerations exceeding 0.2g) at the western edge
of the Delta. Although a large local event cannot be ruled out, it has a low probability of
occurring. Probabilistic seismic hazard analysis is a method that explicitly considers how
often earthquakes of various sizes are likely to occur, and what is the likely ground motion
that will result if an earthquake occurs. In this manner, it allows for an evaluation of the
seismic risk of the levees.

The probabilistic approach used in this study follows the standard approach first
developed by Cornell (1968), with some modifications to more fully address all sources of
variability.

There are three main components of variability that are considered in a seismic
hazard analysis: what are the likely magnitudes of the earthquakes, where are the
earthquakes likely to be located, and what is the likely ground motion given that an
earthquake of a specified magnitude has occurred at a specified location.

The source characterization describes the expected rate of earthquakes as well as
the distribution of magnitudes and locations. The attenuation relationships describe how
strong the resulting ground shaking will be for an event of a given magnitude and location.
These components of the hazard analysis are briefly described below. The resulting
horizontal peak acceleration hazard is then discussed.

A2. DESCRIPTION OF SEISMIC SOURCES I

The faults considered in the hazard analysis are shown in Figure A-1 and A-2, for
the two alternative models of the Delta region thrust faults considered in this study. The
mean slip-rate, fault width, and maximum magnitude of the faults are listed in Table A-I.
The main strike-slip faults in the Bay area (San Andreas, Hayward, Calaveras) contribute
to the hazard in the Delta for short return periods, but the smaller (and more local) faults
contribute more significantly to the overall hazard at longer return intervals.
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Figure A-1: Map showing the significant faults in the Delta region used in the

m seismic hazard computations based on the Lettis Delta fault model.
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i Table A-1. Seismic Source Parameters
Slip Rate Fault Width Max Magnitude

Fault (Weight) (Weights) (Weights)

I Concord 3.0, 4.0, 6.0 12.0 6.4, 6.6, 6.8
(0.25, 0.5, 0.25) (1.0) (0.2, 0.6, 0.2)

Calaveras (North) 2.0, 6.0, 8.0 12.0 6.7

i (0.25, 0.5, 0.25) (1.0) (1.0)

Calaveras (South) 13.0, 15.0, 17.0 12.0 6.8
(0.25, 0.5, 0.25) (1.0) (1.0)

.. ¯ Hayward 7.0, 9.0, 11.0 12.0 7.1

| (0.25, 0.5, 0.25) (1.0) (1.0)

Marsh Creek/Greenville 0.5, 2.0, 3.0 12.0 6.7
(0.25, 0.5, 0.25) (1.0) (1.0)

I Clayton 0.2, 0.5, 1.0 12.0 6.7
(0.25, 0.5, 0.25) (1.0) (1.0)

I Green Valley 1.5, 4.0, 5.0 12.0 6.6
(0.2, 0.6, 0.2) (1.0) (1.0)

Napa 0.1 0.3, 0.5 12.0 6.5
(0.3, 0.5, 0.2) (1.0) (1.0)

I Rogers Creek 6.0, 8.0, 11.0 12.0 7.0
(0.25, 0.5, 0.25) (1.0) (1.0)

San Andreas 19.0, 24.0, 29.0 15.0 7.8, 8.0I (0.2, 0.6, 0.2) (1.0) (0.8, 0.2)

Verona 0.1 10.0 6.1
(1.0) (I .0) (1.0)

I Antioch 0.3 15.0 6.5
(1.0) (I .0) (I .0)

Mt. Diablo Thrust1                 1.3, 1.7, 5.0 11.0 6.25, 6.75I (0.3, 0.6, 0.1) (1.0) (0.30, 0.70)

Los Medanos Thrust1 0.3, 0.7 13.0 6.00, 6.25
(0.8, 0.2) (1.0) (0.8, 0.2)

I Roe Island ThrustI 0.1, 0.3, 0.7 14.0 5.75, 6.00
(0.1, 0.7, 0.2) (1.0) (0.5, 0.5)

Potrero Hills Thrust1                0.1, 0.3, 0.6 14.25 6.00, 6.25

I (0.3, 0.6, 0.1) (1.0) (0.8, 0.2)

Pittsburg/Kirby Hills Thrust~ 0.2, 0.3, 0.7 15.0 6.00, 6.50
(0.5, 0.4, 0.1) (1.0) (0.4, 0.6)

I Midland Thrust~ 0.1, 0.2 13.0 6.00, 6.25
(0.6, 0.4) (1.0) (0.7, 0.3)

CRCV~ 0.5, 1.5, 2.5 10.0 6.8

I (0.25, 0.5, 0.25) (1.0) 1.0
1 Lettis source model for the Delta region.
2 CRCV source model for the Delta region.

!
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In addition to the known faults, a background source zone is also included to
capture the earthquakes expected to occur on other fault sources. The background zone
is based on the smoothed historical regional background seismicity (M~4.0) developed by
USGS (1996) and used by the CDMG in the state hazard maps (Reference ). This
background seismicity is smoothed over a distance of 50 km, resulting in very smooth
background seismicity. The rate of magnitude 5 or greater earthquakes per 100 years per
100 square km is shown in Figure A-3. To avoid double counting seismicity, the
background zone is used for magnitudes 5-6 and the individual known faults are used for
magnitudes greater than 6.0.

The two alternative models for the thrust faults are discussed in more detail below.

_D.ELTA REGION THRUST FAULTS

Geodetic data indicates that there is crustal shortening of about 3 mm/yr in the
direction normal to the San Andreas fault between the Pacific Plate and the North
American Plate. The primarily strike-slip earthquakes in the Bay Area region
accommodate some of this shortening, but some additional thrust faults are needed to
explain the remainder of the shortening between the Pacific and North American plates in
this region. These thrust faults generally do not reach the surface and are considered
"blind thrust" faults.

In most recent studies, most of the additional shortening has been assumed to be
accommodated along the western edge of the central valley along a feature called the
Coast Range/Central Valley Thrust (CRCV) fault zone (also called the Coast Range
Sierran Block Boundary Zone).

There have been several earthquakes over magnitude 6 that have occurred along
the CRCV fault zone to the north and to the south of the Delta region, but there are no
known CRCV events of M>6 in the vicinity of the Delta. The 1983 Coalinga earthquake
(M=6.4) and the 1985 Kettleman Hills earthquake (M=6.1) occurred on the CRCV. The
1892 Winters-Vaccaville earthquake (M=6.4) may also have occurred on the CRCV, but
its location is not well constrained (Toppozada, Real, and Parke, 1981). The CRCV is
clearly an active fault in some regions, but it may not exist in the Delta region, or it may
not be active in the Delta region.

In this evaluation, we consider two alternative models of the thrust faults in the
Delta region: the CRCV model and the Lettis and Associates model. These two
alternative models are discussed below.
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i
Figure A-3. Map showing the contour of smoothed background seismicity for

magnitude 5.0 and greater per 100 years per 100 square kilometers.I Based on the USGS gridded seismicity maps (1996).
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CRCV THRUST FAULT MODEL

The CRCV extends about 600 km along the western edge of the Central Valley in
central and Northern California (Wong et al., 1988), but the faulting is discontinuous. Most
of the segment lengths are 5 to 20 km with a maximum segment length of about 50 km.
In the CRCV model, this set of thrust faults extends through the Delta region and runs
near Sherman Island (Figure A-2).

The CRCV model has been used in the state hazard maps developed by the
California Division of Mines and Geology (CDMG). The slip-rate of the CRCV in the Delta
region is uncertain. We have used a range of slip-rates from 0.5 to 3.0 mm/yr. The
CDMG (1996) used a slip-rate of 1.5 mm/yr and that is the mean value that is used in this
study.

The exact location of the CRCV fault in the Delta region in uncertain. In this study,
the top of the fault is located at a depth of 8 km with a dip of m degrees. For a down-dip
fault width of 15 km and a segment length of 40 km, the Wells and Coppersmith (1994)
magnitude vs. fault area relation gives a mean maximum magnitude of Mw=6.8.

L, ETTIS AND ASSOCIATES MODEL

A recent study by Unruh (Lettis and Associates written comm., 1998) suggests that
the CRCV is not present in the Delta region. According to this model, the CRCV begins to
decrease in activity north of the San Luis Reservoir and south of Lake Berryessa. In the
Delta region, the CRCV ceases to exist, or ceases to be active. As an alternative to the
CRCV, the Lettis and Associates model postulates a different set of thrust faults slightly
further to the west (Figuret A-l) to accommodate the crustal shortening.

These faults, the Pittsburg/Kirby Hills, Roe Island, Los Medanos, and Mount Diablo
faults are all short faults with lengths of less than 20 km located 10-20 km west of the
western edge of the Delta. The mean slip-rates of these faults range from 0.3 to 2 mm/yr.
The maximum magnitudes of the small thrust faults range from Mw=6.0 to 6.6.

This model also includes the Midland fault located beneath the Delta, but with a
small mean slip-rate of 0.15 ram/yr. Although the Midland fault has a length of about 60
km, the maximum magnitude of the Midland fault in this model is only M~,=6.2.

A3. ATTENUATION RELATIONS

There are many attenuation relations that can be used for the deep soil site
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conditions (below the peat) in the Delta. In this study, we have selected four of the most
recent attenuation models: Abrahamson and Silva (1997), Boore, et al. (1997), Campbell
(1997), and Sadigh, et al. (1997) as being appropriate. These models are given equal
weight in the hazard analysis.

A4. PROBABILISTIC HAZARD RESULTS

The probabilistic hazard is shown separately for the Lettis and the CRCV models of
the Delta thrust faults. The results for the Lettis model are shown first, and the results for
the CRCV model are shown second. Sherman Island and Terminous Island are used as
example locations representative of the western and edges of the Delta, respectively. All
acceleration levels shown are peak horizontal accelerations at surface outcrops of deep,
stiff soils (soils underlying the softer and organic superficial Delta deposits.)

Figures A-4 and A-5 show the peak acceleration hazard for Sherman Island and
Terminous Island, respectively, based on the Lettis thrust fault model. At a return period
of 100 years (annual probability of 0.01), the hazard at Sherman Island is dominated by
the local thrust faults, with significant contribution from the background zone and "other"
faults. For Terminous Island, the background zone and thrust faults contribute about
equally to the overall 100 year return-interval level of hazard.

The magnitudes and distances of the earthquakes dominating the hazard can be
estimated by deaggregating the hazard. The distributions of contribution to the hazard are
shown in Figures A-6 and A-7. For Sherman Island, the hazard is primarily from moderate
magnitude events (M=5.5-6.5) at distances of 10 to 30 km. For Terminous Island, the
more distant sources also contribute significantly to the hazard, and there is a wide range
of magnitudes and distances (M=5-6 at distances of 10-30 km to M=7-7.5 at 100 km)
contributing to the hazard. Figures A-8 and A-9 show the mean magnitude and mean
distance of the earthquakes contributing to the hazard as a function of the return period.

A similar set of plots for the CRCV model is shown in Figure A-10 and A-11. The
main difference is that for the CRCV model, the local CRCV thrust faults are the principal
controlling source for both Sherman Island and Terminous Island.

The hazard for the Lettis and CRCV models is compared in Figure A-12. This
shows that the hazard from these two models is similar for both the Shermanfigure very

Island and Terminous Island sites when expressed in terms of expected peak horizontal
acceleration. The models differ, however, in terms of the principal magnitudes that
contribute to these acceleration levels. These contributinghazard differencesin
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magnitudes, in turn, imply differences in the duration of shaking, and this has a potentially
significant impact on both the liquefaction and cyclic inertial deformation hazard
evaluations for Delta levees.

The two models are given equal weight in the final hazard analysis. Contours of
the peak acceleration in the Delta region for return period of 43 years, 100 years, 200
years, and 475 years (building code level) are shown in Figures A-13 through A-16. The
hazard systematically decreases from the southwest to the northeast.

For the top of stiff soils, the 100 year return-interval horizontal peak acceleration
ranges from 0.2 g in the western Delta to 0.1 g in the northeastern Delta. Since the
hazard is dominated by moderate magnitude local events, it is unlikely that the entire
Delta will be subject to the 100-year ground motion in a single 100-year earthquake.
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Figure A-4. Seismic hazard curves for the Sherman Island site. The hazard curves

¯ are based on the Lettis seismic model for the Delta region. TheI contribution to the total hazard is shown for the significant faults.
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Figure A-5. Seismic hazard curves for the Terminous site. The hazard curves are
based on the Leffis seismic source model for the Delta region. The
contribution to the total hazard is shown for the significant faults.
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Figure A-7. Deaggregation of the seismic hazard (100 year return period) for the
Terminous site based on the Lettis seismic source model for the Delta
region.
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Figure A-8. Magnitude, distance and epsilon bar for the Sherman Island site based
on the Lettis seismic source model for the Delta region.
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Figure A-9. Magnitude, distance and epsilon bar for the Terminous site based on
the Lettis seismic som’ce model for the Delta region.
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Figure A-IO. Magnitude, distance and epsilon bar for the Sherman Island site
based on the CRCV seismic source model for the Delta region.
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Figure A-12. Comparison of the seismic hazard for the Sherman Island and
Terminous sited based on both the Lefts and CRCV seismic source
model for the Delta region.
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Figure A-16. Contour map of seismic hazard (PGA) for soil site conditions for a
return period of 475 years.
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APPENDIX B:
EVALUATION OF LEVEE FRAGILITY

GENERAL

This appendix presents more detailed information regarding the development of
levee fragility estimates for potential levee failures due to future seismic events. The
fragility estimates were previously described in general terms in Chapter 4. Many of the
estimates were based on consensus judgements made by the sub-team members. Sub-
team members applied their knowledge of the performance of similar earth structures to
the conditions which currently exist in the Delta, and to the potential seismic Ioadings
which might develop in the future. In addition, a number of geotechnical earthquake
engineering analyses were also performed to provide information for these judgements,
and to extend the estimates for a range of Ioadings.

The seismic risk analyses and assessments presented in this report are based on
the most current available information. Information on the seismic response of
peat/organic soils is still being developed. Also, even though hundreds of borings
describing the subsurface conditions of Delta levees were reviewed, these borings can
only provide a limited characterization of the hundreds of miles of levees in the Delta. It
does not appear likely that additional borings will significantly change the present
characterization in the near future.

DAMAGI~ POTENTIAL ZONES

As previously described in Chapter 4, the central portion of the Delta was divided
into four Damage Potential Zones in order to allow for different levels of levee fragility in
different areas of the Delta (see Figure 4-1). The criteria used for establishing the zoning
was discussed previously in Chapter 4. The four zones encompass essentially all of the
Delta land which lies below sea level and includes approximately 660 levee miles.
Another 440 miles of levee exist at higher elevations within the legal limits of the Delta, but
were not included because these levees retain significant depths of water only during
flood season. Table B-1 summarizes the Delta islands and tracts included in the four
zones along with the lengths of levees to be found in each zone.

E..STIMATES O..F LIQUEFACTION-INDUCED LEVEE FAILUR.ES

The sub-team gathered data from borings and CPT soundings to establish "typical"
conditions at a number of representative levee reaches throughout the Delta. Data from
prior seismic fragility studies, DVVR data, and data supplied by individual sub-team
members were all reviewed. Liquefaction potential (i.e. resistance to "triggering" or
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TABLE B-I: DELTA ISLANDS AND LEVEE LENGTHS CONSIDERED IN EVALUATING POTENTIAL
EARTHQUAKE-INDUCED LEVEE FAILURE

I Damage Potential Delta Island/ Proj.e~,Le.vee1 Non-Pr.oj .e.ctl.Levee Total Levee Length1
Lone Reclamation Distdct (,m=~es) ~mlles) (miles)

I Sherman 9.7 9.8 19.5 [19.5]
Bacon 14.3 14.3

i Bethel 11.5 11.5
Bouldin 18.0 18.0
Bradford 7.4 7.4
Brannan 9.3 10.1 19.4I Empire 10.5 10.5
Holland 10.9 10.9
Jersey 15.6 15.6

Lower Jones 8.8 8.8I Lower Roberts 16.0 16.0
II Mandeville 14.3 14.3

McDonald 13.7 13.7

i Medford 5.9 5.9
Orwood 10.9 10.9

Palm 7.5 7.5
Quimby 7.0 7.0

I Rindge 15.7 15.7
Staten 25.4 25.4

Twitchell 2.5 9.3 11.8
Tyler 12.2 10.7 22.9

I Venice 12.3 12.3
Webb 12.8 12.8

Woodward 8.8 8.8 [301.4]
Byron 9.7 9.7

I Coney 5.4 5.4
Fabian 18.8 18.8

Hotchkiss 6.3 6.3
III Middle Roberts 6.1 3.7 9.8

Rough and Ready 5.5 5.5
Union 1.0 29.2 30.2

Upper Jones 9.3 9.3
Veale 5.7 5.7

Victoda 15.1 15.1 [115.8]
Andrus 10.0 10.0
Bishop 5.8 5.8
Brack 10.8 10.8I Canal Ranch 7.5 7.5

Dead Horse 2.6 2.6
Grand 29.0 29.0

i Hastings 4.0 1.0 5.0
King 9.0 9.0

Liberty Island 9.0 9.0 18.0
McCormack-Williamson 8.8 8.8

I IV New Hope 18.6 18.6
Pierson 10.0 10.0
Prospect 7.0 5.0 12.0

Rio Blanco 4.0 4.0
Ryer 20.6 20.6

Sacramento Co. 2.0 5.0 7.0
Shima 6.6 6.6
Sutter 12.5 12.5

I Terminous 16.1 16.1
Walnut Grove 1.0 1.2 2.2

Wright Elmwood 6.8 6.8 [222.9]
1 Levee lengths listed in Sacramento-San Joaquin Delta Atlas, DWR (1993)                           [659.6]Miles
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initiation of liquefaction) for sandy and silty soils of low plasticity was evaluated using the
SPT-based methodology described by Seed and Harder (1990), as updated by the
NCEER Liquefaction Workshop expert panel (Youd, et al., 1998). Of particular concern to
the sub-team was the presence of cohesionless sandy and/or silty soils within the
manmade levee embankment. When present, such soils often had SPT (N1)60 blowcounts
of less than 10, and commonly less than 5. Post-liquefaction residual strengths were
estimated using the correlation proposed by Seed and Harder (1990), and these indicated
very low values, commonly only about 50 to 200 psf. With such low residual shear
strengths, major levee displacements and/or failure would be expected if major portions of
the levee embankment were triggered to liquefy.

Of somewhat lesser concern, but still potentially serious, was the occurrence of
potentially liquefiable sandy and silty soils in the foundation zone (beneath the levee
embankments). These soils tended to have variable SPT blowcounts, but generally
somewhat higher than those in the loose embankment soils. The liquefiable foundation
soils were also less hazardous due to levee and foundation geometries, as well as due to
the irregular and discontinuous nature of some of these natural foundation deposits.
Potential liquefaction of foundation soils was not a benign condition, however, and
liquefaction of foundation soils was eventually judged to contribute approximately 25% to
30% of the overall liquefaction-related hazard (with liquefaction of levee embankment fills
contributing the remainder.)

The sub-team worked together to assemble and review the available geotechnical
data. Each of the individuals then prepared independent assessments of expected levee
failure frequencies for various levels of shaking within each of the four Damage Potential
Zones. These individual assessments, and their basis, were then shared and discussed
to develop a single set of overall consensus estimates. These consensus estimates of
potential number of levee failures were presented as a range for each level of shaking and
for each of the four Damage Potential Zones. Each range was considered to represent
about an 80-percent confidence level for the range of "expected" number of liquefaction-
induced levee failures for a particular level of shaking.

ESTIMATES OF LEVEE FAILURES FOR NON-LIQUEFACTION EARTHQUAKE-
INDUCED DISPLACEMENTS

Based on Newmark-type cyclic inertial deformation analyses for a range of levels of
static (non-seismic) stability, the sub-team concluded that any levee reaches which might
fail without major strength losses such as liquefaction would have to be only marginally
stable during static conditions. The effect of seismic shaking would be to either trigger or
induce deformations as a result of inertial effects. To estimate the number of failures
associated with a non-liquefaction deformation mode of failure, the sub-team proceeded in
the following steps:

I
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I 1. The number of marginally stable levee sites in each Damage Potential Zone was
first estimated based on the experience of the sub-team members in dealing with
problem sites. Three levels of marginal stability were considered. The estimated
numbers of potentially marginal sites in each zone are listed in Table B-2. Also
presented in Table B-2 are the estimated ranges of yield acceleration, ky, for each
level of marginal stability (ky is the level of acceleration at which yielding and onset
of permanent deformations will occur).

2. Estimates of earthquake-induced deformations were calculated using the Newmark
double-integration method for a selected number of accelerograms. Seven
accelerograms were selected to provide a reasonable range of duration and
frequency content characteristics representative of the levels of seismic excitationI considered to These records from "stiff soil" "rock" sitesbeing (M~5 7). or were
then modified by means of site response analyses, using computer program
SHAKE91 (Idriss et al., 1991), to develop motions representative of typical Delta
levee embankment and foudation soil conditions. The base accelerograms were
input as outcrop motions at a stiff soil base layer and then propagated through a

i deep Delta soil profile up to the surface of the levee. Near-surface motions (at the
bases of potential deformation zones) were then scaled to different peak
accelerations, and these were then double-integrated to obtain displacements for a

i range of yield accelerations. An allowance was made to account for spatial and
temporal incoherence across a potential slide mass or deformation zone. Figure
B-1 and Table B-3 present the results of these calculations. For the purposes of
relating probabilistic base accelerations developed in Chapter 3 to a deformation
mode of failure, the following was assumed:

The base acceleration would be amplified through soft Delta deposits by a
factor of 1.6. Thus, a "stiff soil" acceleration of 0.1g would lead to a peak
acceleration of 0.16g at the crown of the levee.

The average peak acceleration of a potential sliding mass would be
approximately 40 percent of the levee crown acceleration. This is based on
the work by Makdisi and Seed (1977) and assuming that the marginal sites
have relatively deep potential sliding surfaces.

Thus, the average acceleration of potential sliding surface, kmax, is
approximately 65 percent of the base acceleration of a stiff soil outcrop
motion [ 1.6x0.4 = 0.65].
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~
TABLE B-2: ESTIMATED NUMBER OF MARGINALLY STABLE LEVEE SITES IN

NON-LIQUEFIED REACHES WITHIN DAMAGE ASSESSMENT ZONES

Estimated Number of Sites in each Damage Potential Zone
Stability Approximate
Category Yield

Acceleration Zone I Zone II Zone Ill Zone IV Total
ky(g) (20 miles) (301 miles) (116 miles) (223 miles) (660 miles)

A 0.00 - 0.01 1 - 2 6 - 12 0.3 - 2 0.7 - 3 8 - 19

B 0.01 - 0.03 1 - 3 12 - 24 0.7 - 3 1.3 - 7 15 - 37

C 0.03 - 0.05 3 - 8 20 - 60 1.7 - 5 3.3 - 10 28 - 83

TABLE B-3: ESTIMATED EARTHQUAKE-INDUCED DISPLACEMENTS IN ¯
NON-LIQUEFIED REACHES WITHIN DAMAGE ASSESSMENT ZONES

Magnitude 6.0 Average Earthquake-Induced Displacement for Stability
Bedrock/Stiff Soil Peak Categoriesz
Peak Acceleration Acceleration1

(g) k~(g) A B C
(k~=0.005g) (k~=0.02g) (l~=0.04g)

0.05 0.033 0.1 - 0.3 ft 0.0 - 0.0 ft. 0.0 - 0.0 ft.
[ 0.2 ft. ] [0.1 ft. ] [0.1 ft. ]

0.10 0.065 0.3 - 1.1 ft 0.1 - 0.2 ft. 0.0 - 0.0 ft.
[ 0.6 ft. ] [0.1 ft] [0.1 ft. ]

0.15 0.10 0.7 - 2.3 ft 0.1 -0.7 ft. 0.0 - 0.2 ft.
[ 1.4 ft ] [ 0.3 ft. ] [0.1 ft. ]

0.20 0.13 1.1 - 3.6 ft 0.3 - 1.2 ft. 0.1 - 0.4 ft.
[2.2 ft] [0.6 ft. ] [ 0.15 ft. ]

0.30 0.20 2.2 - 7.1 0.9 - 2.8 ft. 0.3 - 1.4 ft.
[ 4.2ft ] [ 1.5 ft. ] [ 0.6 ft. ]

Notes: 1. Average Peak Acceleration assumed to be equal to 65 percent of the base bedrock/stiff soil
motion.                                                                             I

2. Range and best estimate of earthquake-induced displacements calculated using the Newmark
double-integration method.

!
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i DELTA SRSMIC STUDY
Peak Acceleration vs. Displacement
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Figure B-1: Range of Calculated Deformations for Selected Accelerograms
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Figure B-2: Range of Calculated Deformations for Selected Accelerograms
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For the purposes of these evaluations, the median values of calculated
displacement from the seven accelerograms was selected for use. This was judged to be
representative of the cyclic inertial deformations expected to result from earthquakes of
Mw=6. For larger and smaller magnitudes, the induced deformations would be greater or
smaller due to the longer or shorter durations of shaking (larger or smaller numbers of
cycles of loading). Accordingly, these deformation estimates were next scaled for
magnitude (duration) effects using the scaling factor illustrated in Figure B-4. This was
based on Burean, et al. (1988), and closely matches the similar works by Makdisi and
Seed (1977).

3. The estimated levee deformations were then converted into probabilities of failure
using an approximate relationship developed by the sub-team based on their
experience with static levee distress in the Delta (see Figure B-2 and Table B-4).
As discussed previously, the hazard curve in Figure B-2 jointly accounts for the
following issues and variables;

1. associated with various deformation levels,cracking
2. potential exacerbation of seepage problems due to cracking and slumping,
3. potential overtopping,
4. potential inboard toe and/or face erosion and piping,and
5. varying outboard water levels in rivers and sloughs due to both daily tidal

fluctuations, and seasonal flow variations.

4. The failure probabilities were then summed for the different levels of marginal
stability within a Damage Potential Zone, and then totaled as the number of failures
for the non-liquefaction deformation mode of failure (see Table B-5).

,ESTIMATED POTENTIAL NUMBER OF I.EVE,E FAILURES

The total number of potential levee failures for both liquefaction and non-
liquefaction deformation modes of failure are presented in Table B-6 and Figure B-3. As
may be noted in both places, the failure potential associated with liquefaction is far greater
than that estimated for non-liquefaction failures. This is probably related to the relatively
low magnitude and corresponding short duration of a typical Magnitude 6 earthquake.
Accordingly, there are only a very small number of acceleration peaks which would
exceed any particular yield acceleration.
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ESTIMATED POTENTIAL LEVEE FRAGILITY

It should also be noted that the estimated numbers of failures shown in Table B-6
and Figure B-3 assume that the entire Delta is shaken to the same level of earthquake
motion (e.g. 0.2g). This is unrealistic as no one earthquake event will ever do this. A
better way of representing the potential for failure is to normalize the estimated
number of failures by levee length for each Damage Potential Zone. A normalized
levee fragility can then be determined in the form of estimated number of failures per
100 miles of levee (these values were obtained by taking the values in Table B-6 and
then dividing by the levee length in each zone and then multiplying by 100). The
estimated levee fragility values for both liquefaction and non-liquefaction modes of failure,
for causative events of Mw=6.0, are shown in TableB-7.

I
I

I
I
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SEISMIC STABILITY OF LEVEES IN THE SACRAMENTO- SAN JOAQUIN DELTA
PROBABILITY OF FAILURE ASSOCIATED WITH EARTHQUAKE-INDUCED DISPLACEMENTS
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FIGURE B-2: PROBABILITY OF FAILURE ASSOCIATED WITH EARTHQUAKE-INDUCED
DISPLACEMENTS
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TABLE B-4: ESTIMATED PROBABILITIES OF LEVEE FAILURE ASSOCIATED WITH
EARTHQUAKE-INDUCED DISPLACEMENTS IN NON-LIQUEFIED REACHES

Estimated Probability of Levee Failure for Stability
Magnitude 6.0 Average Peak Categories2

Bedrock/Stiff Soil Acceleration1
Peak Acceleration I’,~a~(g) A B C

(g) (k~=0.005g) (k~=0.02g) (k~=0.04g)

0.05 0.033 0.2% 0.1% 0.1%
[ 0.2 ft. ] [0.1 ft. ] [0.1 ft. ]

0.10 0.065 0.6% 0.1% 0.1%
[ o.6 ft. ] [o.1 ft] [o.1 ft.]

0.15 0.10 2.6% 0.3% 0.1%
[ 1.4 ft ] [ 0.3 ft. ] [0.1 ft. ]

0.20 0.13 6.0% 0.6% 0.2%
[ 2.2 ft ] [ 0.6 ft. ] [ 0.15 ft. ]

0.30 0.20 25.0% 3.0% 0.6%
[4.2 ft ] [ 1.5 ft. ] [ 0.6 ft. ]

Notes: 1. Average Peak Acceleration assumed to be equal to 65 percent of the base bedrock/stiff soil motion.
2. Estimated Probability of Levee Failure for non-liquefied levees based on estimated

earthquake-induced deformations calculated using the Newmark method (see Table B-3).

TABLE B-6: ESTIMATED NUMBER OF LEVEE FAILURES ASSOCIATED WITH
EARTHQUAKE-INDUCED DISPLACEMENTS IN NON-LIQUEFIED REACHES

Magnitude 6.0 Damage Levee Estimated Failure
Rock/Stiff Soil Potential Length Estimated Number of Levee Failures in Non-Liquefied Reaches Rate (Fragility)
Peak Acc. (g) Zone (miles) Failures per 100

miles

0.05 I 20 [1x0.002+lx0.001+3x0.001]-[2x0.002+3x0.001+8x0.001]= 0.006 - 0.015 0.030 - 0.075
II 301 [6x0.002+12x0.001+20x0.001]-[12x0.002+24x0.001+60x0.001]= 0.044 - 0.108 0.015 - 0.036
III 116 [0.3x0.002-0.7x0.001+1.7x0,001]-[2x0.002+3x0.001+5x0.001]= 0.003 - 0.012 0.003 - 0.010
IV 223 [0.7x0.002+1.3x0.001+3.3x0.001]-[3x0.002+7x0.001+10x0.001]= 0.006 - 0.023 0.003 - 0.010

0.10 I 20 [1x0.006+1x0.001+3x0.001]-[2x0.006+3x0.001+8x0.001]= 0.010 - 0.023 0.050 - 0.12
II 301 [6x0.006+12x0.001+20x0.001]-[12x0.006+24x0.001+60x0.001]= 0.068 - 0.156 0.023 - 0.052
III 116 [0.3x0.006+0.7x0.001 +1.7x0.001]-[2x0.006+3x0.001+5x0.001]= 0.004 - 0.020 0.004 - 0.017
IV 223 [0.7x0.006+1.3x0.001+3.3x0.001]-[3x0.006+7x0.001 +10x0.001]= 0.009 - 0.035 0.004 - 0.016

0.15 I 20 [1x0.026+lx0.003+3x0.001]-[2x0.006+3x0.001+8x0.001]= 0.032 - 0.069 0.16 - 0.35
II 301 [6x0.006+12x0.001+20x0.001]-[12x0.026+24x0.003+60x0.001]= 0.212 - 0.444 0.070 - 0.15
III 116 [0.3x0.026+0.7x0.003+ 1.7x0.001 ]-[2x0.026+3x0.003+5x0.001]= 0.012-0.066 0.010 -0.057
IV 223 [0.7x0.026+1.3x0.003+3.3x0.001]-[3x0.026+7x0.003+10x0.001]= 0.025 - 0.109 0.011 - 0.049

0.20 I 20 [1x0.060+1x0.006+3x0.002]-[2x0.060+3x0.006+8x0.002]= 0.072 - 0.154 0.36 - 0.77
II 301 [6x0.060+12x0.006+20x0.002]-[12x0.060+24x0.006+60x0.002]= 0.472 - 0.954 0.16 - 0.33
III 116 [0.3x0.060+0.7x0.006+1.7x0.002]-[2x0.060+3x0.006+5x0.002]= 0.026 - 0,148 0.022 - 0.13
IV 223 [0.7x0.060+1.3x0.006+3.3x0.002]-[3x0.060+7x0.006+10x0.002]= 0.056 - 0.242 0.025 - 0.11

0.30 I 20 [lx0.250+1x0.030+3x0.006]-[2x0.250+3x0.030+8x0.006]= 0.298 - 0.638 1.5 - 3.2
II 301 [6x0.250+ 12x0.030+20x0.006]-[12x0.250+24x0.030+60x0.006]= 1.980 - 4.080 0.66 - 1.4
III 116 [0.3x0.250+0.7x0.030+1.7x0.006]-[2x0.250+3x0.030+5x0.006]= 0.106 - 0.620 0.92 - 0.53
IV 223 [0.7x0.250+1.3x0.030+3.3x0.006]-[3x0.250+7x0.030+10x0.006]= 0.234 - %020 0.11 - 0.46
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TABLE B-6: ESTIMATED NUMBER OF FAILURES FOR BOTH LIQUEFIED AND NON°

i LIQUEFIED REACHES
Magnitude 6.0 Damaged Levee Estimated Number of Levee Failures
Rock/Stiff Soil Potential Length
Peak Acc. (g) Zone (miles) Liquefied Non-Liq. Total

Reaches Reaches

I I 20 0 - 0.13 0.01 - 0.02 0.01 0.15
II 301 0 - 0.25 0.04- 0.11 0.04 0.36

0.05 III 116 0 0.07 0- 0.01 0 0.04
IV 223 0.01 - 0.02 0.0t 0.09

I Total 660 0 0.48 0.06- 0.16 0.06 0.64
I 20 0 - 0.5 0.01 - 0.02 0.0t 0.52
II 301 0 - 1.0 0.07- 0.16 0.07 1.16

0.10 III 116 0 - 0.2 0- 0.02 0 0.22

I IV 223 0 - 0.3 0.01 - 0.04 0.01 0.34
Total 660 0 2 0.09- 0.24 0.09 - 2.24

I 20 0.5- 2 0.03- 0.07 0.53 - 2.07
II 301 2 - 5 0.21 - 0.44 2.2t - 5.44

I 0.15 III 116 0.3 - 2.6 0.01 - 0.07 0.3t 1.47
IV 223 0.03 - 0.11 0.73 - 2.71

Total 660 3.5 - 11 0.28 - 0.69 3.78 11.69
I 20 1 - 4 0.07- 0.15 1.07 4.16

I II 301 5 - 15 0.47- 0.98 5.47 - 15.98
0.20 III 116 1 - 3 0.03- 0.15 1.03 - 3.15

IV 223 2 - 5 0.06- 0.24 2.06 - 5.24
Total 660 9 - 27 0.63 - 1.52 9.63 - 28.52

I I 20 3 - 6 0.30- 0.64 3.30 - 6.64
II 301 15 r" 30 1.98- 4.08 16.98 " 34.08

0.30 III 116 3 " 7 0.11 " 0.62 3.11 " 7.62
IV 223 5 " 13 0.23- 1.02 5.23 " 14.02

I Total 660 26 - 56 2.62- 6.36 28.62 - 62.36
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TABLE B-7: ESTIMATED FAILURE RATE (FRAGILITY) FOR BOTH LIQUEFIED AND NON-
LIQUEFIED REACHES - FAILURES PER 100 MILES

Magnitude 6.0 Damaged Levee Estimated Fraqility - Number of Levee Failures per 100 miles
Rock/Stiff Soil Potential Length
Peak Acc. (9) Zone (miles) Liquefied Reaches Non-Liq. Reaches

I I 20 0.005 - 0,50 0.030 0.075
II 301 0.001 0,083 0.015 0.036

0.05 III 116 0.001 0,033 0,003 0.010

I IV 223 0,001 0,033 0.003 0.010

I 20 0.20 2.5 0,050 0.12
II 301 0.080 - 0,33 0.023 0.052

0.01 III 116 0.050 0.15 0.004 0.017
IV 223 0,050 - 0.15 0.004 0.016

I 20 2.5 10. 0.16 0.35
II 301 0.66 1.7 0.070 0.15I 0.15 III 116 0.29 1.2 0.010 0,057
IV 223 0.29 1.2 0.011 0.049

I 20 5. 20. 0.36 0.77

I II 301 1.7 .- 5.0 0.16 0.33
0.20 III 116 0.88 2.3 0.022 0.13

IV 223 0.88 2.3 0.025 0.11

I I 20 15. 0. 1.5 3.2
II 301 5.0 10. 0.66 1.4

0.30 III 116 2.4 5.9 0.092 0.53
IV 223 2.4 5.9 0.11 0.46

I Ma~lnitude Correction Factors

I The estimates for levee failures and fragility presented in the previous tables
are for earthquake shaking associated with a magnitude 6.0 event. For the same
level of shaking, larger earthquake magnitudes will induce more damage and levee

i failures than smaller events because larger magnitude earthquakes have longer
durations and larger numbers of strong cycles of shaking. To adjust the fragilities for
earthquake magnitudes other than Magnitude 6.0, the following corrections were

i used:

A. Liquefaction Mode,0f Failure:
I

A magnitude correction factor for the liquefaction mode of failure was
developed using the Idriss (1997) magnitude scaling factors for triggering

i liquefaction. These corrections are slightly larger than those previously used
by Seed et al. (1984).

!
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B. Non-Liquefaction Deformation Mode of Failure:

A magnitude correction factor for the non-liquefaction deformation mode
of failure was developed using the Earthquake Severity Index described by
Bureau et al. (1988). This correction is much larger than the one for
liquefaction, but is comparable with the deformation results obtained by
Makdisi and Seed (1977).

For both failure modes (liquefaction, and non-liquefaction cyclic inertial
deformation), the principal fragility estimates (Table B-7) were developed for events of
M,=6.0, as that was central to the range of magnitudes principally contributing to the
overall risk for the Delta. Figure B-4 shows the magnitude correction factors used for
both modes of failure.

!
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APPENDIX C
PROBABILISTIC LEVEE FAILURE METHODOLOGY

The mathematical models used in the calculation of the probability of levee failures
are described in this Appendix. To apply the probabilistic approach, we need to first
parameterize the point estimates of the fragilities.

Cl. PARAMETRIC MODELS FOR LEVEE FRAGILITIES

The point estimates of the levee fragilities developed for this study were fit to
simple equations to facilitate the probabilistic calculations. The simplified models for the
median and coefficient of variation (cov) for both liquefaction and non-liquefaction induced
failures are given below.

FRAGILITY CURVES FOR LIQUEFACTION INDUCED FAILURES

The median fragility liquefaction for In liquefaction induced failures is modeled by

fragu(pga’M)=0"8exp(Pl+P2[In(pga)+cl+c2M+c~M2+c4M3]+csi)

The coefficients pl, p2, c~, c2, c3, c4, and c5 were estimated from the central
value of the range given in the point estimates. The 0.8 factor represents the
interpretation of the sub-team that the median fragility is not at the center of the
range given in the point estimates, but rather it is approximately at 40% of the
range.

The coefficient of variation for all zones is modeled by

COVL=(bl+b2pga)/1.3

with a constraint that it not be less then 0.3/1.3. The factor of 1.3 represents the
interpretation of the fragility group that the range on the fragility given in the point
estimates represents the 80% confidence interval..

The distribution of the fragility is modeled as an asymmetric distribution
based on the judgement of the sub-team. This asymmetry is modeled using two
different normal distributions above and below the median. The standard deviation
(cov*median) is scaled by 1.2 for values above the median and by 0.8 for values
below the median. This results in a distribution that is skewed to the right (skewed
to higher numbers of failures).

!
C--02051 2

C-020514



CALFED Bay-Delta Program
Seismic Vulnerability of the

I Sacramento/San Joaquin Delta Levees                                       C-2

The levee fragility group estimates of the ranges of numbers of failures for

i each zone is based on the total number of failures for each zone. That is, the
standard deviation does not apply to a single levee, but rather to the total number
of levees in each zone. This impacts the use of the standard deviation in the

I probabilistic evaluation. Specifically, the distribution is applied t the median number
of breaks in each zone (summation of the median number of breaks for each levee
in a zone). This distribution is truncated at 1.5 standard deviations above and

I below the median.

The coefficients for these models are listed in Table C-1.-|
FRAGILITY CURVES FOR NON-LIQUEFACTION INDUCED FAILURES

I The median fragility for non-liquefaction induced failures is modeled by a
bilinear model:

In(pga)+cl+c2M+c~M2+c4M3_<-2.3,

I then

fragNi(pga,M)=exp{pl+p2[In(pga)+cl+c2M+c3M2+c4M~]+csi}

I otherwise,

I
frag,i(pga,M)=exp{pl +p2[in(pga)+cl+c2M+c~M2+c4M~]+csi+p.jn(pga) }

The coefficient of variation is modeled by

i COVNi=bli/1.3

I The factor of 1.3 represents the interpretation that the range on the fragility
given in the point estimates represents the 80% confidence interval. A normal
distribution is used for the number of failures. This distribution is truncated at 1.5

I standard deviations above or below the median.

The coefficients for these models are listed in Table C-2. All of the

I coefficients are constant for all zones except for C5 and bl which can vary by zone
as shown in Table C-2.

!
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C2. PROBABILISTIC METHODOLOGY

The levee failure probability is an extension of standard probabilistic seismic hazard
analysis. The difference is that instead of calculating the probability of the ground motion
exceeding a specified value at a location, we compute the probability of specified number
of levee failures being exceeded in a single earthquake. That is, we consider the entire
levee system simultaneously.

In the following probabilistic seismic hazard analysis, we consider all possible
earthquake magnitudes, locations, and ground motion. For each possible earthquake, we
then compute the probability of one or more levee failures occurring within the Delta. This
process is repeated for two or more failures, three or more failures, and so on.

Let/U.,Lij be the median number of failures due to liquefaction for the jth levee in the
ith zone. Then

,ttz  = fragz,, (pgc  M) * Lj

where frag,~ is the median fragility, pga is the median peak acceleration at the center of
the island, M is the magnitude of the earthquake, and Lj is the length of the jt~ levee in
miles. The median number of failures for the ith zone is given by:

Ni

and the standard deviation of the number of failures due to the uncertainty in the ground
motion is given by:

based on propagation of errors. Assuming that the peak acceleration variability is
uncorrectable between levees (which is reasonable for separation distance of greater than
500m), then the standard deviation of the total number of failures within the zone is given
by:

O’GLi --
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Since the standard deviation due to uncertainty in the fragility is for the zone and
not for individual levees, the fragility uncertainty is fully correlated for each levee within a
zone. Therefore, the standard deviation of the total number of failures within a zone due
to fragility variability is given by:

Ni

Similar equations are developed for the non-liquefaction induced failures.

We then use a Monte Carlo approach to sample the distributions for the number of
failures in each zone and sum the number of failures from liquefaction and non-
liquefaction failures for each zone. Finally, we sum the number of failures for all theup
zones to get the total number of failures in the levee system. The frequency of failures in
the Monte Carlo sampling defines the conditional probability of the number of failures for a
given earthquake magnitudeand location.

Let(P(fail>NF I M, A, W, Hx, Hy) be this conditional probability of the number of
failures exceeding N for the given magnitude (M), rupture area (A), rupture width (VV),
energy center along strike (Hx), and energy center along dip (Hy).

Then the rate of failures is given by:
NF

k=l M A ! x y

where fr,, fA, fw, fx, fy are the probability density functions for magnitude, rupture area,
rupture width, and energy center. The Nk is the rate of earthquake above the minimum
magnitude (here taken as 5.0) for the kth source and NF is the number of faults.

In this equation, the conditional probability of failure is multiplied by the probability
of the specified earthquake occurring (given that an earthquake has happened) and then
multiplied by the rate of earthquake for the given seismic source. This rate of failure is
then summed over all the seismic sources to give the total rate of various numbers of
levees failing in a single earthquake. A Poisson assumption for the earthquake
occurrence is used to convert the rate of failures into a probability of failures. The result is
a hazard curve for the number of levee failures in a single earthquake.
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CALFED Bay-Delta Program ¯
Seismic Vulnerability of the
Sacramento/San Joaquin Delta Levees C-5

~
Table O-1.

Fragility Model Coefficients for Liquefaction Induced Failures                ¯

Coefficient All Zones        I           II           III           IV

pl 7.33
I

p2 3.02

cl -3.47
I

c2 0.97

c3 -0.0838 I
c4 0.0031

c5 0.0 -1.55 -2.23 -2.23 ~

bl 0.94
Ib2 -2.05

Table C-2. I
Fragility Model Coefficients for Liquefaction Induced Failures

Coefficient All Zones I II III IV I
pl -1.32

p2 0.54 I
p3 2.49

cl -75.7 I

c2 28.6

c3 -3.61 I

c4 0.156
I

c5 0.0 -0.115 -0.810 -2.08

bl 0.38 0.38 0.60 0.60 ~
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PROPOSALS FOR ECOSYSTEM RESTORATION
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STATE OF CALJFORNIA PETE W1LSON, Governor

DELTA PROTECTION COMMISSION                                                  ~
14215 RIVER ROAD
P.O. BOX 530
WALNUT GROVE, CA 95690
PHONE: (916l 776-2290
FAX: [916| 776-2293

i July 10, 1998

i To: Deka Protection Commission

From: Margit Arambum, Executive Director

Subject: Alternative Proposal for CALFED Ecosystem Restoration Program in the Delta

BACKGROUND:

In the Delta Protection Commission’s comment letter on the CAINED Dra& Ecosystem
l~.estoration Program Plan (ERPP), the Commission made a number of suggestions for high
priority projects to enhance and restore habitat. This memo outlines more specific ideas for
implementation of those recommended priorities. The memo has been prepared in partnership
with representatives of the North, Central, and South Delta Water agencies, and represents ideas
acceptable to those entities. None of the Water Agencies have taken a formal position on the
memo or the ideas in the memo. The’purpose of.the review by the Delta Protection Commission
is to help refme this list of suggested "alternative" projects to forward to the CALFED Bay Delta
Advisory Committee (BDAC), the public entity providing input to the CALFED process. The ~
is a draft list which should change after public and Commission review and input.

The Commission should review the attached memo, seek public comments and input on the
suggestions in the memo, and direct staff to continue working on refinement of the memo with
other Delta interests to present to BDAC at its September 1998 meeting to be held in Stockton.

CALFED ERPP,HA~ITAT RESTORATION TAR(~ETS FOR DELTA E(~OLOGI(~AL
ZONE (See Exhibit 1):

Tidal Perezmial Aquatic 7,000 ac
Shoal 500 ac
Noutidal Perennial Aquatic 500 ac

(deep open water)
Nonfidal Perennial 2,100Aquatic a~

(shallow open water)
Midchannel Islands 200 to 800 ac

1
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i
Fresh Emergent Wetland (tidal)    30,000 to 45,000 ac
Fresh Emergent Wetland (nonddal) 20,000 ac
Seasonal Wetland Improve:    4,000 ac

" Restore: 30,000 ac
Iuland Dune Scaxtb 50 to 100 ac
Perennial Grassland 4,000 to 6,000 ac I
W’fldlife Friendly Agricultural Land40,000 to 75,000 ac ’

DELTA PROTECTION COMMISSION COMMENTS ON D~..ERPP: I

The Delta Protection Commission comments regarding the ERPP recommended that the ERPP be¯
modified to prioritize the following restoration programs:

Restoration and/or enhancement of hinds currently in public and/or nonprofit ownership
¯ " (or currently in the acquiskion process) and desisted for restoration, including TwkchelI

Is~d, Sherm~ Isled and Prospect ~land. Approximately 35,000 acres fall in this
¯ category.

Acquisition and/or enhancement of currently flooded lands to create and/or enhance
emergent.habitat, including Franks Tract, Big Break, Mildred Island, Little Mandeville,
Island, etc. Approximately 7,000 acres fall in this category.

Development and implementation ofmanagemeut plans for upland areas already in public
or nonprofit ownership, including CalhounCut Ecological Preserve (approximately 1,000
acres), Rhode Island, etc.

Development and implementation of individual management plans for private agricultural
properties and development of funds to offset costs o£voluntary implementation of such
plans (plans could include flooding programs, enhanced levees and pumps to enhance
flooding and drainage, recommended c~op rotation cycles, size and location of permanent
brood ponds, etc.)

Development and implementation of individual management plans for privately-owned
lands managed for wildlife habitat, such as duck clubs and uplaud hunting clubs, and
development offtmds to offset costs of voluntary implementation of such plans.

Control of’stressors should be revised to avoid duplication with existing regulatory
programs, such as existing dredging "windows", and the programs that are developed
should respect the needs of existing land uses, such as water-oriented recreation. Where
funds are needed to carry out specific programs, those ftmds should be made available to
private land owners to implement CALFED programs.

Protection, enhancement mad restoration ofin-chatmel islands and waterside berms.

2
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L]STIN. G OF SITES BY TYPE OF HABITAT. TO BE ..CREATED/E~CED:

Managed Wetlands (within levees):

GOAL: Prepare specific enhancement and management plans and obtain funding for
restoration and management on all lands already owned by public agencies or nonprofits
before funding any additional retirement of privately-owned agricultural lands.

OPPOR~S:
Yolo B~pass Wetlands: 3,500 ac/DFG
Shcnmn Island: 10,000 ~c
Twk~hcll Ishmd: 3~500 ac/DWR
Stone Lakes Wildlife R~fu~e:1,090 ac/DPR.

~000 ac/Sacramento Count~
[plus additional acquisition and management to complete the 9~000 ac rcfu~e]
Iepsen l~e Prcs~r~�: 1,500 ~c/Solano County Farml~ds and Open Space Trust
C~houn Cut: 970 a~/DFG
Tip ofG~and Ishmd: 250 ac/Corps
Prospect Island: 1,200 ac/Bureau of Rc~lanmtion
North Dclt~ Cross Channel: 100 ac/Bureau of P~�~l~nation
Wri~ht-Elmwood ~_~n~Bank~ 80 ac/Private
Mcdford Island l~kign~ Bank: 1,200 ac/Private

Enhancement of Existin~ Shallow Water Areas and Other Areas Outside Levees:

(~OAL: Ident~ publiclyoowned~ water-~overc~l sites and privatcly-owned~ watch-covered
~cs ~h~ could be enhanced and managed to p~ovidc ~mp~ovcd ~h~ltow water
suitable for fish nu~oc~ areas. Identi~y other ~cs outside cxist~ lcvccs that could be
enl~mccd for sh~Uow water o~ oth~ related habitats.

OPPORTIYNITIES:
Big Break: 800 ac/EBRPD
Browns Island: 600 ac / EBP, PD
Franks Tract: 3,500 ac/DPR
Lktlc Franks Trac~: 330 ac/DPR
1Vfildred Island: 1,000 ac/Private
Lktle Mandeville Island: 375 ac/Private
Venice Tip: 160 ac/Port of" Stockton
Tip of Prospect: 300 ac/Port of Sacramento
Decker: North Tip: 40 ac/DFG
Decker: East Side: 140 ac/Port of Sacramento
Lower Sherman Island

Wildlife Area: 3,100 ac/DFG

3
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Delta Meadows: 134 ac/DPR
Lkfle Holland Tract: 1,600 ac h~vate ¯
Kimball Lshnd: 100 ac ~fivate
P, hode Ishmd: DFG
Fern IsLand: 80 ac/t~ivate ¯
L~de Has~ngs Tract: 125 ac/Private
PoX o£ Stoc~on Lands such as:

Browns Lshnd: 100 ac 1
Donlon Lshnd: 225 ac
Mandev~e T~: 176 ac
Venice Cut 211 ac ¯
Noah Hea~each: 53 ac
Ttde L~and: 36 ac
Noah Spud: 28 ac 1South Spud: 60 ac
Acker Ishmd: 7 ac

Webb Tract Berms and I~ds: 285 ac ~FG ¯
Sycamore ~d: 13 ae ~FG
Acker ~hnd: 25 ae ~FG ¯
Cab~ Slough Ishnds: 15 ac ~FG |
briner Slough gshnds: 34 ac h~FG
Lo~ Slough L~ands: " 38 ae h~FG ¯

DESCRIPTION OF SITESSHOWN ON MAJPS:

One map ~u~rates skes vdMch are publldy owne~ owned by a nonpro~ ~n~y, or vdMch are"
subject to a conservation easement, w~ch are currently managed for ecosy~em values:

Yolo Bypass Wedands Projec~ DFG and Yolo Bas~ Foundation
Various Duck Chzbs ~ the Yolo Bypass wkh a Conservation Easemen~ Private

’ Jepsen Prahie P~eserve, Sohno CounW Farmhnds and Open Space Foundation
Cosumnes Preserve, Nautre Conservancy, Bureau ofgechumdon and o~ers
Stone Lakes Wildlife Kefuge Lands Under ManagemenK U.S. Ftsh and W~qdlffe Ser~4ce
Lower Sherman Ishud W~qdlffe Management Areg DFG
Pahn Trac~Pordons Subject to Conservation Easemen~ Pfvate
Whke SIough Wildlife Areg DFG~WK
Medford L~and/Pordons ~c~ded ~ Nfidgafion Ban~ Private
Woodbfidge Ecolo~cal Preserve, DFG/DWK
Kimball Ishnd M~.’gafion BanL Pr~ate
Wright Ehnwood M~gafion BanL Private

4 !
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One map illustrates publiCly owned lands not actively managed for ecosystem values:
Calhoun Cut, DFG
Port of Sacramento Lands
Port of Stockton Lands
Twkchell Island, DWR
Sherman Ishmd, DWR
Tip ofGraud Islaud, Corps
Browns Island, EBKPD/SLC
Big Break, EBRPD
Pranks Tract, DPR
Lkde Pranks Tract, DPR
Lands in the East Deka, DV~K

One map illustrates private lands with oppommity for enhance~nent and/or restoration:
Lauds in the Yolo Bypass already subject to flood easements
Other lands subject to levee height restrictions
Lauds in the boundary of Stone Lakes Wildlife Refuge south of Lambert Road
.(management agreements)
Water-covered Lands in the Meadows (east of Locke)
Lands proposed by the owner for restoration/enhancement (Bouldin and pot’dons of
Hollaud)
In-Channel Islands

ENHA~(~EMENT OF RIPARIAN CORRIDORS:

One of the key concepts of the ERPP is restoration and enhaucement of Delta riparian corridors.
This memo descn’bes alternative concepts for enhancement of three key riparian corridors
consistent with the need to maintain and enhance the flood control and water conveyance
functions of the major tributaries to the DeIta.

The CALFED program has identified the need for riparian habitat enhancement to improve ¯
migratory corridors for anadromous fish, such as salmon, and spawning habkat for those fish
species that spawn in the Delta environment, such as Delta smelt. In addition, the riparian habitat
corridors provide habitat for birds, m~mm~.l% insects, reptiles, ampln’bians, and indigenous plants.

Sacramento River Corridor Enhanceme.nt: Currently the Sacramento River corridor is
bounded by large, project levees which are largely unvegetate&

The ERPP recommends enhancing riparian corridors along several smaller sloughs and waterways
between the Sacramento River and the Deep Water Ship Channel to the west, including
Steamboat, Miner, Oxford, and Elk Sloughs. Additional enhancement is proposed on the main
channel of the Sacramento River from Sacramento to Rio Vista.
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As an alternative, CALFED should consider possible e~largement and entnmcement o£a corridor
west of the Deep Water Skip Channel, within the Yolo Bypass. Such a waterway could connect
to the main stem of the Sacramento River at either or both the Sutter Weir or the Sacramento
Weir. There is an existing channel, the Toe Drain, which lies west ofthe Ship Channel The Toe
Drain is largely unvegetated but lies within the Yolo Bypass, where the lands are already subject
to a flood easement purchased by the federal government to provide additional flood protection to
the City of Sacramento and the Delta area. Wtfile the Sacramento River can contain flows of
about 150,000 cfs, the Yolo Bypass can contain about 450,000 ors. Locating an enhanced
riparian corridor within the Yolo Bypass would also address the identified issues of stranding of
fish within the Yolo Bypass at the end of the flood season. Creation of an ¢nhrged, excavated
channd would �~fllance flood water carrying capadty of the Yolo Bypass, which would then allow
introduction and maintemnce ofbenefidal phnt material into the floodway.

Mokelumne River Corridor Enhancement: Currently the Moke!umne Kiver, downstream o~
the confluence with the Cosunmes River, is within non-project levees. Downstream of
McCormack W~on Tract, the Mokelumne River splits into the North Fork, which lies
between Tyler and Staten Islands, and the South Fork, which lies between Staten Island and New
Hope, Brack" Canal P, anch and Terminous. At the south end of Staten Island, the South Fork
rams toward the west and rejoins the Notch Fork near the south end of Tyler Island, at the
northwest end ofBouldin Is/and, dud near the crossing of I-Bghway 12. The South Fork has been
the subject of several projects on Staten Island to recreate berms at the waterside toe of the
levees. At the south end of Staten Island, several in-channel islands have been protected with
riprap and bolstered wkh phcement of earthen material Along the North Fork on the shoreline
of Tyler Island, a Category HI funded project is being planned to protect existing riparian
vegetation on the waterside berms and at the toe of the levees.

The CAI.~D program and the ERPP recommend ~ of the North Fork as a water conveyance
~el, and the use of the South Fork as a rip~_ri~ c~rridor, ~ enhancement of the adjacent

o£Beaver, Hog, ~d Sycamore SI~Ias, and ~ new setback levees and flooding ofwaterways
large tracts of existing farmed hnds on New Hope, Brack" Canal Ranch and Terminous Tracts.
The deeply subsided lauds would be temporar~y flooded during flood season and the upper
elevation areas in New Hope, Brack, Canal Ranch and Terminous would be permanently flooded,
thereby eliminating some of the most productive farmland in the Delta.

As an alternative, CALFED should consider enhancing the South Fork for water conveyance and
flood control, in effect dividing the flow of the Mokelumne River between its North and South
Forks. Both Forks should be examined for additional habitat opportunities as channel capabilities
are :increased by dredging and/or necessary levee setbacks. There are major constrictions in the
upper reaches of’the South Fork. Relieving those restrictions wKl present important oppommities
for flood control and habkat enhaucement.

I
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I The easternmost location of a water conveyance alignment ~ keep the maximum poss~’ble
distance between the saline waters o£the Bay (the principal source ofbromides and other salts),

I and water to be exported for irrigation and for drinking water.

i In order to optimize the quality of the water conveyed through the Mokelumne corridor, the
conveyance alignment should continue south from Staten Island, passing to the east of Bouldin
and Venice Islands.

I The Mokelunme River corridor must serve multiple purposes: water conveyance through the
Delta, flood control for Sacramento and San Joaquin Counties, and a riparian habitat corridor for

I aquatic and terrestrial species.

San Joaquin River Corridor: The San Joaquin River is chanuelized, with newly enhanced

I levees along urban development in the South" Stockton area.

The ERPP recommends restoration of floodplain habitat along the lower San Joaquin River

I between Mossdale and Stockton with levee setbacks and an overflow basin, and improved
ripar~ habitat along 1.eveed sloughs. The ERPP includes installation of a barrier at the head of
Old River to keep migratory f~sh in the mainstem of the San Joaquin River. The purposes of the

I enhancement of the San Joaquin River are joint benefits associated with flood water transport and
enhancement off~heries migration corridors.

I Currently, south of Mossdale to the San Joaquin County boundary, the San Joaquin 17~er
provides multiple opportnukies to enhance riparian vegetation. For most months of most years,
flows in these reaches ofthe San Joaquin River do not exceed 3,000 cfs. The low-flow channel

I could be established generally near the west or let~ bank of the existing leveewhich, once
stabilized and bermed, could support nearly continuous areas of large riparian vegetation to shade
the low flow channel. Oxbows and bends currently cut offfrom the river flows could be te-

l opened providing feeding resting areas aquatic species.andmaintained and for
North of Mossdale to Stockton, the malnstem of the San Joaquin could continue to be enhanced
for seasonal migratory fish passage through the reIease of pulse flows necessary to sfimnIateI inland migration, and‘enhance seaward migration.

I Enhancement of riparian vegetation corridors could proceed on two other waterways: Paradise
Cut to Old River to Grant Line Canal to Old River, and Old River to Middle River to San Joaquln
River. Paradise Cut is a flood control channel designed to carry 15,000 cfs, which has not been

i maintained. To improve Paradise Cut, the weir tO Paradise Cut could be enlarged, the Cut could
be enlarged by incorporating mitigation lands east of the Cut to be provided by the Gold Rush
City project (900 acres) and by clearing and dredging the connection to Grant Line Canal Grant

i Line Canal connects to Old River, a waterway with numerous in-channel islands suitable for
management and enhancement. The result could be flood flow capacity enlarged to 20,000 cfs,
and a riparian corridor suitable for avian and terrestrial species. Middle River leaves the main

i stem of the San 1oaquin north of Stewart Tract, flows north between Union and Roberts Islands,

! ’
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and rejoins the San Joaquin River between Med£ord and Mandev~e Islands. The portions of this
waterway between l~oberts and Union Islands should be cleared of brush to increase flood flow
capacity and the levees should be improved to accommodate the planting of trees that w~l not
adversely affect flood flows and will provide habitat for avian and terreslyial species.

WILD--FRIeNDLY FARM~G PRA~fICES PROGRAM:

In the 1993-94 period, a Crop Shit~ Demonstration Project was conducted on Rindge Tract. The
Department offish and Game recommended certain measures to mkigate any impact to wildlife
~om the demonstration project. Most of’those measures were knplemented as a part of the
demonstration project, and the results were monitored and positive results were reported.

Based on this poskive demonstration project, many years of previous and subsequent experiences
with post-harvest flooding of agricultural lands in the Delta, and intuition, a wildlife fi’iendly
agricultural practices program might be formulated and described as follows:

Objectives:

1.    Extend availabili~ ofpost-harvest flooded grain fields to cover full period of usage
by migratory birds.

2. Enhance food value ofp.ost-harvest flooded grain fields by intentionally leaving ¯
more grain in the fields by either modLSfing harves~ practices or intentionally not
harvesting portions of the fields to be flooded.

3. Create fi~ge areas during important periods to eahauce, forage .oppommifies for I
.certain~ species (e.g. Sandhill cranes, Swainsons hawks)

4.    Extend avaz~’bity of program across the Delta buds utilized by important
migratory speicies to discourage over-concentration in one area.

ft. Avoid interference wkh exisimg agricultural economy of the region.

1. Participatio~ would be volumary.

2.     Include a ¢ombi~tio~ of early-harvested and hte-harvested small gr~ crops t~
increase time avaihbility ofpost-tu’~cest flooded habitat.

3.    Participants would agree to leave small percentages (5 to 10%) of~rop
unharvested in small plots in participating fields distn’buted across area to be flooded.

!
!
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!
4.    Harvest spezifications:

I A.    Wheat/Barley stubble 12 inches or less in height and not disced ptior to
flooding.

I B.    Corn stubble24 inches or less in height (harvested portions can be single-
disced ptior to flooding.

I ft. Flooding specifications:

I A. Wheat/Barley flooded as soon as practicable after September 15th.

B. Corn fields flooded as soon as practicable after harvest and left flooded

I until at least January 15tlL

C. Where practicable, some marginal area of flooded fields to be left dry or

I shallowly flooded for raptor, crane, and shorebird foraging during flood-up
periods.

I 6. Compensation. Payment for additional costs incurred and revenues foregone
would be based on a dual scale:

I A.    A to the incurring the additional drainage cost would bepayment
made for additional drainage costs resulting from increased drainage caused by the

i
program (estimated to be approximately $15.00 per flooded acre).

B.    An additional payment would be made to the farming entity for
unharvested acreage based on the value of the tmharvested crop less harvest,

I drying (if any), hauling, and other similar costs not otherwise incurred (estimated
to be approximately $100/ton of crop not harvested, or $20 to $40 per acre for

I participating acreage, depending on percentage of crop not harvested).

1
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I
SUMMARY OF ERPP HABITAT RESTORATION TARGETS AND PROGRAMMATIC ACTIONS FOR

THE SACRAMENTO-SAN JOAQUIN~DELTA ECOLOGICAL ZONE.
I

Habitat Type North Delta East Delta South Delta Central and Total ¯
Acreage Acreage Acreage We,t Delta Acreage |Acreage

Tidal Perennial 1,500 1,000 2,000 2,500 7,000 ¯
Aquatic

Shoal                                0                 0                  0                500               500*

!Nontidal Perennial 0 200 200 100 500
Aquatic (deep open
water)

INontidal Perennial 1,000 300 300 500 2,100
Aquatic (shallow
open water)

IMidcharm¢l Islands 50 to 200 50 to 200 50 to 200 50 to 200 200 to 800"

Erest~ Emergent TBD TBD TBD TBD 30,000 to 45,000 1
Wetland (tidal) [to be

determined]

Fresh Emergent 3,000 3,000 4,000 10,000 20.000 1
Wetland (nontidal)

Seasonal             ,improve: 1,000 1,000 500 I,~00 4000 ¯
Wetland Restore: 4,000 6,000 12,000 g,000 30,000

Inland Dune Scrub 0 0 0 50 to I00 50 to 100°

Peremnial Grassland 1,000 1,000 1,000 to 2,000 1,000 to 2,000 4,000 to 6,000
!

Wildlife Friendly TBD TBD TBD TBD t,0,000 to
Agricultural Land 75.000"

Total acres

i 138,000191,000tO
I

" Denotes acreages that have minimal impact to existing,agricultural land uses and practices. 1
"Note: Table does not include acreages for riparian and dverine aquatic habitat, Delta sloughs, levee reliabilit2,.’ program, or
conveyance facilities.

1

Exhibit 1 1
1

it~c~"~A~ Yolunm 11: Ecosystem t~aloration Program Plan ¯
t~X-O~LTA S~crartmnto-S~n Jo~quin Delta Ecological ~;~ne Vision

10                                    Draft. March /998 !
C’020528

C-020530





Private Lands with Conservation Easements or
Mitigation Banks in the Sacramento-San Joaquin Delta
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Public Lands Not Actively Ma,_naged for Ecosystem
Values in the Sacramento San Joaquin Delta
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Opportunities for Ecosystem Protection and Restoration
on Private Lands in the Sacramento-San Joaquin Delta
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Ecosys{em Lands and
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Private Land Opportunities
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~-~ - lands within boundaries of
~Stone National Wildlife Refuge

~ Lakes - [ands subject to flood
easement or levee height
restdcdions

- lands between levees
o I~lnds proposed for ecosystem
management by owner
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Ecosystem Management and Restoration

Opportunities in the Sacramento-San Joa~uin Delta

/

~
~~,-.__.-,--~--~__~r~ Ecosystem Lands and
~ ~ ~ Opportunities in the Delta

I Stone          P~ate Land Op~un~es

~ke$NWR ~
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- lands ~hin boundaries of
NaSonal Wildlife Re~ge

- lands subj~t to
~: .. / easement or levee height
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